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Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 
many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims,’ and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 


level of HDL cholesterol? LOPID? (gemfibrozil) is not indicated for the treatment 
of patients with low HDL cholesterol as their only lipid abnormality. 
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‘therapy should be carefully digitalis toxicity ee lead tes 
of quinidine ity Such as excessive prolongation of the Q' interval, widening o! the QRS complex and ventricular tachyarrhythmias mandate immediate 


monitori 
In susceptible such as compensated cardiovascular 
by hypotension, bradycardia, or Neartblock Quinidine therapy should be caretully monitored in such individuals 
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cardiac rhythm pali 
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h n have episodes which usually result irom ventri tachycardia or fibrillation. This syndrome has not been shown lo be related to 


. ine hypersensitivity have Deen reported. Unexplained lever and/or elevation of hepatic enzymes, particularly 
in the early stages of therapy, warrant consideration of possible hepatotoxicity Monitoring liver function during the first 4 8 weeks should be considered. Cessation of quinidine in 


of toxicity 
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should be considered, especially the first weeks Hospitalization ‘observation, electrocardiographic monitoring, and determination of serum quinidine 
levels are indicated when large doses of quinidine are used or with patients who an increased risk. 

Information for Patients—As with all solid dosage medications, Quinidex should be taken with an adequate amount of fluid, prelerably with the patient in an upright 
position to facilitate They should be whole in order to preserve the controlled-release 
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Quinidine with anticholinergic drugs Additive ic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 
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William H. Frishman, Mark Heiman, Judith Soberman, Steven 
Greenberg, and Jack Eff, for the Celiprolol International 
Angina Study Group 


Is once-daily celiprolol, a -selective adrenoceptor blocker 
with selective partial -adrenoceptor activity, safer and more 
efficacious than twice-daily propranolol? Both drugs were 
compared with placebo in this multicenter, double-blind, ran- 
domized, titration-to-effect study of 140 patients with stable, 
exercise-induced angina pectoris. 


Ee Cl A) Me Pe EB eee 
Effects of Atenolol Alone, Nifedipine Alone and Their 
Combination on Ambulant Myocardial Ischemia 

James A. Hill, Jose |. Gonzalez, Robert Kolb, and Carl J. 
Pepine 


The effects of atenolol and nifedipine and their combination on 
ambulant myocardial ischemia were investigated in 18 mini- 
mally symptomatic men using a randomized, double-blind, 
placebo-controlled, crossover trial. Monotherapy with nifedi- 
pine or atenolol is similarly effective in eliminating or reducing 
ambulant ischemia. Combination therapy can provide addi- 
tional benefit in those with continued ischemia. 


o iE ga Tis a aad ae ee ee Rates 
Spontaneous Myocardial Ischemia and the Signal- 
Averaged Electrocardiogram 

Gioia Turitto, Edward B. Caref, Egidio Zanchi, Fabio 
Menghini, George Kelen, and Nabil El-Sherif 


The effects of transient myocardial ischemia on the signal- 
averaged electrocardiogram were investigated in 13 patients 
with coronary artery disease and spontaneous angina undergo- 
ing 3-channel ambulatory electrocardiography. Spontaneous 
transient myocardial ischemia, independent of its type, loca- 
tion, duration and magnitude, did not generate a substrate for 
late potentials on the signal-averaged electrocardiogram. 


Roemer eee BL a CARI eG, Ma Se, Ll 
Right Ventricular Systolic Function During Exercise 

J. Thomas Heywood, Joerg Grimm, Otto M. Hess, Markus 
Jakob, and Hans P. Krayenbuehl 


To evaluate the effects of exercise and coronary artery disease 
on right ventricular systolic function, rest and exercise biplane 
RV angiograms were recorded in 20 patients undergoing diag- 
nostic cardiac catheterization. There is a decline in RV ejec- 
tion fraction during exercise in patients with significant coro- 
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nary artery disease. The generalized reduction in regional RV 
ejection fraction coupled with the close correlation with the 
change in pulmonary resistance suggests that increased after- 
load, rather than RV ischemia, is the cause. 


OT ss ea is A 
Coronary Collateral Circulation in Coronary Artery 
Disease and Systemic Hypertension 

Zenon S. Kyriakides, Dimitrios T. Kremastinos, Nickolas A. 
Michelakakis, Evangelos P. Matsakas, Thomas Demovelis, 
and Pavlos K. Toutouzas 


Patients were studied to evaluate coronary collateral circula- 
tion in relation to the presence of systemic hypertension and 
left ventricular hypertrophy. Results indicate that coronary 
collateral circulation in hypertensive patients was more exten- 
sive than in normotensive patients with the same characteris- 
tics. The increase in coronary collateral circulation corre- 
sponded to the degree of left ventricular wall thickness in pa- 
tients with systemic hypertension and coronary artery disease. 


691 A GST ASL Pe ERRESA a 

Results of Intracoronary Stents for Management of 
Dissection After Balloon Angioplasty 

Michael Haude, Raimund Erbel, Uwe Straub, Ulrich Dietz, 

Richard Schatz, and Jürgen Meyer 


This study reports on the implantation of balloon-expandable 
Palmaz-Schatz stents in 15 patients with symptomatic dissec- 
tion after coronary angioplasty. Intracoronary stenting appears 
to be a secure and effective method of handling bailout situa- 
tions caused by dissection after balloon angioplasty with good 
long-term results when only a single stent is implanted. 
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Reduction in the Frequency of Ventricular Late 
Potentials After Acute Myocardial Infarction by Early 
Thrombolytic Therapy 

Marc Zimmermann, Richard Adamec, and Stefano Ciaroni, 
with the technical assistance of Florida Malbois and Roland 
Tièche 


To assess the effect of intravenous thrombolysis on the inci- 
dence of ventricular late potentials, 223 consecutive patients 
surviving a first acute myocardial infarction were studied. In- 
travenous thrombolysis with recombinant tissue-type plasmin- 
ogen activator reduces the incidence of late potentials in survi- 
viors of a first AMI and this reduced incidence appears to be 
related to the patency of the infarct-related artery. 
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Late Outcome of Survivors of Out-of-Hospital Cardiac 
Arrest With Left Ventricular Ejection Fractions >50% 
and Without Significant Coronary Arterial Narrowing 
Peter J. Kudenchuk, Leonard A. Cobb, H. Leon Greene, 
Carol E. Fahrenbruch, and Florence H. Sheehan 


Forty-three survivors of out-of-hospital ventricular fibrillation 
with minimal or no coronary artery stenoses and in whom left 
ventricular ejection fraction was 20.50 were evaluated. Al- 
though cardiac arrest rarely occurs in patients without major 
structural heart disease, its recurrence in such survivors is com- 
mon. Patients at relatively high risk for recurrent VF can be 
identified by their youth and by abnormalities detected on the 
surface 12-lead electrocardiogram or by contrast left 
ventriculography. 


eee ee 
Comparison of Clinical and Electrophysiologic Features 
of Preexcitation Syndromes in Patients Presenting 
Initially After Age 50 Years with Those Presenting at 
Younger Ages 

Lynda E. Rosenfeld, Alice M. Van Zetta, and William P. 
Batsford 


Of 73 patients documented over an 8-year period to have 
preexcitation syndromes at electrocardiographic study, 13 
were >50 years old and presented in the setting of acute medi- 
cal or surgical diseases, or chronic cardiac disease often associ- 
ated with middle age and atrial arrhythmias. Specific age- 
related descriptors that characterize patients presenting with 
preexcitation syndromes in late adulthood may help to facili- 
tate this often difficult diagnosis. 


para: is Se Ls Seek a r aE 
Usefulness of Flecainide for Prevention of Paroxysmal 
Atrial Fibrillation and Flutter 

Adrian H. Pietersen and Henning Hellemann, for the Danish 
Norwegian Flecainide Multicenter Study Group 


Is flecainide acetate efficacious in preventing attacks of parox- 
ysmal atrial fibrillation and flutter? In this double-blind cross- 
over study of 43 patients randomized to receive either placebo 
or 150 mg of flecainide twice per day for consecutive periods of 
3 months, flecainide significantly suppressed the number of 
attacks, with frequent but mostly tolerable adverse effects. 


vi: (ORR ire ne ee 
Time of Onset of Supraventricular Tachyarrhythmia in 
Relation to Alcohol Consumption 

Markku Kupari and Pekka Koskinen 


The etiology and time of onset of supraventricular tachyar- 
rhythmia was recorded in 289 patients aged <65 years who 
also underwent a screening test for alcoholism and an assess- 
ment of alcohol consumption during the week preceding the 
arrhythmia. Among 102 patients with idiopathic arrhythmias, 
those with arrhythmias beginning on Saturdays or Sundays 
were more often chronic, heavy drinkers than either those with 
episodes beginning from Mondays through Fridays or control 
subjects from the out-of-hospital population. Although this 
study confirms an association between heavy drinking and id- 
iopathic arrhythmias beginning during weekends, it shows that 
the question may be of a relative rather than an absolute 
overrepresentation. 


SYSTEMIC HYPERTENSION 


723 
Mean and Range of the Ambulatory Pressure in 
Normotensive Subjects from a Meta-Analysis of 23 
Studies 

Jan A. Staessen, Robert H. Fagard, Paul J. Lijnen, Lutgarde 
Thijs, Roger Van Hoof, and Antoon K. Amery 





To perform a meta-analysis of published reports in an attempt 
to determine the mean and range of the normal ambulatory 
blood pressure, 23 studies including a total of 3,476 normal 
subjects were reviewed. Until the results of prospective studies 
on the relation between ambulatory BP and the incidence of 
cardiovascular morbidity and mortality become available, the 
intervals in this study could serve as a temporary reference for 
clinical practice. 


728 5 858 GS SR A eee 
Hemodynamic and Neurohormonal Effects of Quinidine 
in Patients with Severe Left Ventricular Dysfunction 
Secondary to Coronary Artery Disease or Idiopathic 
Dilated Cardiomyopathy 

Stephen S. Gottlieb and Michelle Weinberg 


The hemodynamic and neurohumoral response to oral quini- 
dine was determined in 19 patients with severe chronic heart 
failure. Vasodilation is the predominant hemodynamic effect 
of oral quinidine in patients with congestive heart failure. 
However, potential adverse effects may be caused by conse- 
quent neurohormonal activation. 


732 
Effects of Prolonged Infusion of Human Alpha 
Calcitonin Gene-Related Peptide on Hemodynamics, 
Renal Blood Flow and Hormone Levels in Congestive 
Heart Failure 

Y. Chandra Shekhar, Inder S. Anand, Raghav Sarma, 
Roberto Ferrari, Purshotam L. Wahi, and Philip A. Poole- 
Wilson 





The effects of prolonged infusion of calcitonin gene-related 
peptide on hemodynamic functions, plasma hormones and re- 
nal blood flow were studied in 9 patients with congestive heart 
failure. CGRP has sustained beneficial effects on hemodynam- 
ic indexes and has no adverse effects on hormones. Unlike 
many other vasodilators, CGRP also increases renal blood flow 
and glomerular filtration. 


CONGENITAL HEART DISEASE 


737 ea ake Bh SS os ee PM E 
Analysis of Survival in Patients with Pulmonic Valve 
Atresia and Ventricular Septal Defect 

Michael Hofbeck, Jan T. Sunnegardh, Patricia E. Burrows, 

C. A. F. Moes, Nancy Lightfoot, William G. Williams, George A. 
Trusler, and Robert M. Freedom 


The clinical course of 104 consecutive patients diagnosed in the 
first year of life with pulmonic valve atresia and ventricular 
septal defect was followed for a mean of 4.95 years, with spe- 
cific attention paid to the nature of pulmonary blood supply 
and its influence on patient outcome. Confluent pulmonary 
arteries supplied by a single ductus arteriosus were present in 
72 patients (group I), whereas pulmonary blood supply in 32 
patients (group II) depended partially or exclusively on sys- 
temic collateral arteries. Although an estimated probability of 
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10-year survival was 69% for the entire cohort, arborization 
and distribution abnormalities of the pulmonary arteries as 
well as intrapulmonary stenoses in group II patients accounted 
for their significantly lower probability of undergoing correc- 
tive surgery. 


744 

Pulmonary Artery Morphology and Hemodynamics in 
Pulmonic Valve Atresia with Ventricular Septal Defect 
Before and After Repair 

Yasuhisa Shimazaki, Masahiko lio, Susumu Nakano, Shizuo 
Morimoto, Seiichiro Ikawa, Hikaru Matsuda, and Yasunaru 
Kawashima 


Hemodynamic measurements and the number of effective sub- 
segments connected to the pulmonary arteries, obtained at car- 
diac catheterization and angiographic studies performed in 22 
patients with pulmonic valve atresia and ventricular septal de- 
fect before and after surgical repair, revealed that postopera- 
tive pulmonary artery pressure and pulmonary vascular resis- 
tance may be predictable when the pulmonary artery area and 
the number of effective subsegments are measured before re- 
pair. Early palliation to increase pulmonary artery size and the 
number of effective subsegments is recommended for obtain- 
ing normal pulmonary hemodynamics after repair. 


MISCELLANEOUS 


eee eS epee le ey ae at Po PA 
Catheter-Based Intravascular Ultrasound Imaging of 
Chronic Thromboembolic Pulmonary Disease 

François Ricou, Pascal H. Nicod, Kenneth M. Moser, and Kirk 
L. Peterson 


Pulmonary thromboendarterectomy is the treatment of choice 
for pulmonary hypertension due to chronic pulmonary throm- 
boemboli. Results show that intravascular ultrasound of pul- 
monary arteries is feasible and safe in patients with pulmonary 
hypertension. It may help to assess the location and the extent 
of the pathologic process involving pulmonary arteries. 
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Assessment of Right Ventricular Oxidative Metabolism 
by Positron Emission Tomography with C-11 Acetate 
in Aortic Valve Disease 

Rodney J. Hicks, Victor Kalff, Vicky Savas, Mark R. Starling, 
and Markus Schwaiger 


Right ventricular C-11 clearance rate constants were com- 
pared with RV loading in 21 patients with aortic valve disease 
to assess possible use of this technique for noninvasive evalua- 
tion of RV oxidative metabolism. Data suggest these constants 
were significantly higher in patients with elevated than in those 
with normal pulmonary artery pressures. Preliminary data 
suggest that RV C-11 acetate clearance rate constants can 
provide noninvasive assessment of RV oxidative metabolism. 
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Masakazu Yamagishi, Daisuke Hotta, Jun Tamai, Satoshi 
Nakatani, and Kunio Miyatake 


We examined the validity of a newly developed fast-Fourier 
transformation analysis system by which Doppler signals from 
a catheter-tip probe were analyzed in a model circuit and in 
clinical cases. There was good correlation between Doppler- 
derived flow velocity and actual flow velocity both in vitro and 
in vivo, suggesting that the catheter-tip Doppler technique with 
full spectrum analysis is useful in clinically assessing coronary 
flow velocity patterns. 
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On Jumbo and Junk Trials: A Fumbled Affair, a Jungle, 
or the Ultimate Solution? 
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Effects of Superoxide Dismutase on Reperfusion 
Arrhythmias and Left Ventricular Function in Patients 
Undergoing Thrombolysis for Anterior Wall Acute 
Myocardial Infarction 
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i AUI, 
ARTERY REMINDS YO 
TAKINGATURN 


Maneuvering an intra-aortic balloon catheter through 
a tortuous femoral artery obstructed by atherosclerotic plaque 
is never easy. Fortunately, there's now a new IAB 
catheter that can help you to handle even 
the most difficult vessels with the ease 
you've always hoped for. 
The new Aries 9 French Redifurl® or 
TaperSeal™ Double Lumen Intra-Aortic 
hoen times Resists we. }) Balloon Catheters from Aries Medical™ . 
Our unique SureGuide inner 
ai design provides = 
the perfect degree of Pareten Tapers i 
stiffness for ease of  Bemer Sen 
insertion through the 
_ most difficult vessels, a 
yet is highly flexible to resist aga 


kinking, and this is only one of its many outstanding 
Our patented TaperSeal IAB is the first = 
“sheathless”’ IAB catheter. Elimination 
of the introducer sheath makes itthe  / 
smallest indwelling catheter available Ae 
and provides improved distal biz 
So if you'd like to step up 
levels of IAB ees ere 





wore ter 
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GGG — en ana 
Comparison of Celiprolol and Propranolol in Stable Angina 
Pectoris 

William H. Frishman, Mark Heiman, Judith Soberman, Steven Greenberg, 
and Jack Eff, for the Celiprolol International Angina Study Group 


The comparative antianginal effects and safety profiles of propranolol and 
celiprolol, a 81-selective adrenoceptor blocker with selective partial 62- 
adrenoceptor activity, were assessed in a multicenter, placebo lead-in, 
active control, double-blind, randomized, titration-to-effect study of 140 
patients with stable, exercise-induced angina pectoris. Compared with 
placebo baseline measurements, both celiprolol and propranolol reduced 
anginal attack frequency and nitroglycerin consumption, and increased 
symptom-limited treadmill exercise times, with no differences seen be- 
tween treatments. Propranolol was associated with a lower heart rate at 
rest than celiprolol. Both drugs significantly reduced the rate-pressure 
product at the conclusion of exercise testing. Both drugs were well tolerat- 
ed; propranolol was associated with more symptomatic bradycardia. 
Once-daily celiprolol is as effective as twice-daily propranolol in the treat- 
ment of patients with stable angina pectoris. 
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Effects of Atenolol Alone, Nifedipine Alone and Their 
Combination on Ambulant Myocardial Ischemia 

James A. Hill, Jose |. Gonzalez, Robert Kolb, and Carl J. Pepine 


The effects of atenolol (100 mg/day) and nifedipine (20 mg twice daily) 
and their combination on ambulant myocardial ischemia were investi- 
gated in 18 minimally symptomatic men using a randomized, double- 
blind, placebo-controlled, crossover trial. Four blinded treatment periods 
of 2 weeks’ duration (2 placebo, | atenolol, | nifedipine) were used in all 
patients. The 9 patients who did not have ischemia eliminated by mono- 
therapy also received combination therapy with both drugs. Both nifedi- 
pine and atenolol as monotherapy reduced the number of ischemic epi- 
sodes and the average duration of each episode compared with placebo (p 
<0.05). Compared with placebo, nifedipine reduced the total duration of 
ischemia (p <0.05) but the effect of atenolol on ischemia duration was of 
borderline significance (p = 0.066). There were no differences in reduc- 
tion of ischemic parameters when atenolol was compared with nifedipine 
(difference not significant). In the 9 patients who continued to have 
ischemia during monotherapy, combination therapy eliminated it in 2 and 
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reduced the duration by >50% in the remaining patients compared to 
placebo. In conclusion, monotherapy with nifedipine or atenolol is similar- 
ly effective in eliminating or reducing ambulant ischemia. Combination 
therapy can provide additional benefit in those with continued ischemia. 


676 
Spontaneous Myocardial Ischemia and the Signal-Averaged 
Electrocardiogram 

Gioia Turitto, Edward B. Caref, Egidio Zanchi, Fabio Menghini, George 
Kelen, and Nabil El-Sherif 








Serial signal-averaged electrocardiograms were obtained from 3-channel 
Holter recordings in 13 patients with coronary artery disease and sponta- 
neous angina. Fifty-four baseline signal-averaged electrocardiograms 
were compared with those recorded during 54 transient myocardial isch- 
emic attacks. Among them, 14 had ST elevation and 40 ST depression, 21 coy 
had an anterior location and 23 an inferior location, 29 had a duration >10 
minutes, and 18 had a magnitude >2 mm. Baseline signal-averaged 
electrocardiograms were abnormal in 5 cases (38%). No significant 
changes were observed on signal-averaged electrocardiograms recorded at 
baseline and during transient myocardial ischemic attacks. Absence of 
significant changes was also noted when analysis was performed separate- 
ly according to the type of ischemic attacks (with ST elevation or depres- 
sion), their location (anterior or inferior), duration and magnitude. It is 
concluded that spontaneous transient myocardial ischemia, independent 
of its characteristics, does not create a substrate for late potentials on the 
signal-averaged electrocardiogram. 


GRT ay ee a es oe RE ee 
Right Ventricular Systolic Function During Exercise With and 
Without Significant Coronary Artery Disease 

J. Thomas Heywood, Joerg Grimm, Otto M. Hess, Markus Jakob, and 
Hans P. Krayenbuehl 


Six patients with no or only mild coronary artery disease (group 1) and 7 

with significant disease (group 2) underwent rest and exercise right ven- Ss 
triculography. Heart rate and right ventricular (RV) systolic pressure 

increased substantially in both groups with exercise. Pulmonary resistance 

increased only in group 2 during exercise, and there was a generalized, 

rather than segmental, decline in regional RV ejection fraction in group 2 

with exercise. A close correlation between the change in pulmonary resis- 

tance and RV ejection fraction from rest to exercise was seen. Increased 

afterload appears to contribute to RV systolic dysfunction during exercise 

in patients with coronary artery disease. 


GRA -oirne ac OE Ri en ee O OL IL. EE 
Coronary Collateral Circulation in Coronary Artery Disease 
and Systemic Hypertension 

Zenon S. Kyriakides, Dimitrios T. Kremastinos, Nickolas A. Michelakakis, 
Evangelos P. Matsakas, Thomas Demovelis, and Pavlos K. Toutouzas 


To evaluate the coronary collateral circulation in relation to the presence + 
of systemic hypertension and left ventricular hypertrophy, 61 hypertensive 
patients, aged 55 + 9 years, and 252 normotensive patients, aged 53 + 8 

Continued on page A23 
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years, with coronary artery disease and the same coronary angiographic 
characteristics were studied. Left ventricular wall thickness was 1.26 + 
0.1 cm in the hypertensive and 1.03 + 0.06 cm in the normotensive group 
(p <0.001). The hypertensive group had more extensive coronary collater- 
al circulation than the normotensive group (p <0.01). Coronary collateral 
circulation had a positive relation to left ventricular wall thickness (p 
<0.001). These results indicate that patients with systemic hypertension 
and coronary artery disease have an increase in coronary collateral circu- 
lation correlated with the degree of left ventricular wall thickness. 


GIP Eok es DAE SD REM NE EE Ree ee te CC RNS 
Results of Intracoronary Stents for Management of Coronary 
Dissection After Balloon Angioplasty 

Michael Haude, Raimund Erbel, Uwe Straub, Ulrich Dietz, Richard Schatz, 
and Jürgen Meyer 


This study reports on the implantation of balloon-expandable Palmaz- 
Schatz stents in 15 patients with symptomatic dissections after coronary 
balloon angioplasty. Stent delivery was successfully performed in all pa- 
tients. One patient had thrombus formation in the stented vessel segment 
after implantation, and another was sent to bypass surgery because of 
persisting angina on the following day. No acute vessel closure was docu- 
mented angiographically in 14 control patients after 24 hours. Long-term 
control angiograms after 4 to 6 months were recorded in 12 patients and 
showed vessel patency in 8, compared with 4 patients with late restenosis 
or reocclusion, of whom 3 had received multiple stent implantation. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
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Reduction in the Frequency of Ventricular Late Potentials 
After Acute Myocardial Infarction by Early Thrombolytic 
Therapy 

Marc Zimmermann, Richard Adamec, and Stefano Ciaroni, with the 
technical assistance of Florida Malbois and Roland Tiéche 


To assess the effect of intravenous thrombolysis on the incidence of 
ventricular late potentials, 223 consecutive patients surviving a first 
acute myocardial infarction were included in the present study: 59 pa- 
tients received intravenous recombinant tissue-type plasminogen activator 
(group A) and 164 patients (group B) received conventional medical 
treatment. A time-domain signal-averaged electrocardiogram and a high- 
resolution beat-to-beat recording were performed at 10 + 3 days after 
infarction. The incidence of late potentials was 10% (6 of 59) in group A 
and 24% (39 of 164) in group B (p <0.05). Among the 146 patients who 
underwent coronary arteriography, the incidence of late potentials was 
13% (10 of 80) in patients with a patent infarct-related artery and 26% (17 
of 66) in patients with an occluded infarct-related artery (p <0.05). In 
conclusion, intravenous thrombolysis with recombinant tissue-type plas- 
minogen activator reduces the incidence of late potentials in survivors of a 
first acute myocardial infarction and this reduced incidence appears to be 
related to the patency of the infarct-related artery. 
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se Description and Objective — 
ree: day symposium on percutaneous interventional therapy of occlusive peripheral vascular disease 


focus on the: ‘ive Semonstrations of peripheral angioplasty and atherectomy, and when indicated, adjunctive 
es. i 


‘afternoon session focal point wil be the diagnosis and management of occluded peripheral vascular 

ind selected aspects of interventional procedures. Didactic sessions will include assessment 

hemic limb, pertinent anatomy, ultrasound and other noninvasive imaging modalities, lytic therapy 

atheter:and guidewire selection, and the technicial aspects of arterial. cannulation {including popliteal 
‘ontralateral: techniques). 


ubsequent two days will feature and emphasize live demonstrations of peripheral transluminal angioplasty 
TA), atherectomy, and. adjunctive devices, including stents, laser angioplasty, intraarterial ultrasound, 
-and aspiration of a thromboembolus. in addition, peripheral vascular ultrasound imaging will 

iN conjunction with the intervention in selected cases. 


sed between live interventional demonstrations will be edited video case presentations addressing 
topics. These cases will be introduced by a concise history and diagnostic arteriogram, and discussed 
faculty-panel and audience (group interaction to be facilitated by Instantaneous Reactive Interactive 
ams [IRIS] who will on-line tally the audience's reaction). An edited video wili then show how that particular 
was managed. These cases will provide the learning environment for discussing the case selection process 
ll-as the performance of particular interventional skills. 


jur. e Director 





rdiovascular interventionist 
lwaukee Heart and Vascular Clinic 
uke's Medical Center 
aukee, Mere 


Sheffield, England 


Stephen M. Dorros, M.D. 
Cardiovascular Neuroradioiogist 


Course Location - = The symposum 

floor Conference Center and will feature five video transmission from | 

bed private not-for-profit tertiary care cardiovascular medical center serving the sc 
County and surrounding communities. 


Milwaukee's ‘Grand Hotel’ since 1893, The Pfister Hotel offers turn-of-the-centu 
moments away from the Lake Michigan waterfront, the theater district, professional 90 
shopping at the magnificent Grand Avenue Mali. 3 


Course Outline — 


Sunday, May 5 12:00 Noon 
1:00 PM - 5:00 PM 
5:00 PM - 6:30 PM 
7:00 AM 

8:00 AM - 
6:30 PM - 


Registration/Exhibits Open 

Didactic sessions : 
Complimentary Refreshments/View Exhibit 
Registration/Continental Breaktast/Exnibi Open 
Demonstration Course 

Cocktail Buffet and Entertainment at the 
Milwaukee Public Museum : 

7:00 AM Continental Breakfast/Exhibits Open 

8:00 AM- 5:00 PM Demonstration Course 

Exhibits — Manufacturers of imaging equipment, angioplasty instrumentation, | 
and cardiovascular interventional procedure materials will be represented. The extibits will: 
the following hours: 


Sunday - May 5 
Monday - May 6 
Tuesday - May 7 


Monday, May 6 
5:30 PM 
10:30 PM 


Tuesday, May 7 


12:00 Noon - 6:30 PM 
7:00 AM -5:30 PM 
7:00 AM - 2:00 PM 


Registration Fees — 00 tor MD/PhD (atter Apri 10, tee will be $88 
$400 for Residents, Fellows-In-Training, Nur 
Technicians. (after April 10, fee will ‘be $450) 
The registration fee includes all course materials, continental breakfasts, luncheons, re! 
cocktail buffet on May 6. (There is no additional charge for a spouse to attend the cocktail buffe! 
for registration is April 10. 
Send Registration Form and check (drawn on US bank) payable to ‘Interventions 1991 
Administrative Coordinator, 2901 W. Kinnickinnic River Parkway, Suite 403; Milwaukee, 
The registration fee may be charged to your Master Card, Visa or American Express. account 
use our FAX (414) 649-8140 to expedite your registration. Doi 


For Further Information — To receive a complete brochur 
Judie Urfer at (414) 649-3594 or (800) 235-3594 or via FAX at (414) 649-8140. : 





Guest Faculty —— — ; nae 


David C. Cumberland, M.D. 
Consultant Cardiovascular Radiologist 
Northern General Hospital 


Joseph R. Hartmann, M.D. 
Interventional Cardiologist 
Midwest Heart Specialists, Ltd. 
Lombard, Ilinois 


Ruben F. Lewin, M.D. 
Interventional Cardiologist 





Tri-City Medical Center 
Oceanside, California 


Robert A. Graor, M.D. 


Milwaukee Heart and Vascular Clinic 
St. Luke's Medical Center 
Milwaukee, Wisconsin 


Simon H. Stertzer, M.D. 


jovascular’ interventionist Director of Medical Research 


San Francisco Heart Institute 


lwaukee Heart and Vascular Clinic 
Daly City, California 


Luke's Medical Center 
iwaukee, Wisconsin 
Cleveland, Ohio 





Staff-Vascular Medicine Department 
Head-Section on Thrombolysis 
The Cleveland Clinic Foundation 


Houma, .Louisial 





S$ Medical Center's diagnostic and interventional laboratories offer the most advanced imaging 

logy available, including Philips Digital Cardiac Imaging (DCI) system. DC! adds a new dimension of 
jon, speed of image processing, and high resolution imaging for cardiac and peripheral vascular studies. 
fers from Digital Subtraction Angiography (DSA) because of the digital acquisition of imaging data, 
nique in which the computer compensates for heart or body motion, and its capability of digital i image 
ement which permits very fine pictorial detail. Pulsed fluoroscopy with a real-time edge enhancement 
rithm "i produces remarkably high resolution video images for the peripheral as well as coronary arterial 


t hiter, clearer images permit accurate diagnostic pictures which enable lesion treatment evaluation 
waiting for processing of cine film. Real-time results are instantaneously available in the interventional 
feroom for angioplasty, atherectomy. or laser procedure evaluation by comparison of before and 
i 


jay actually surpasses the quality of cine images and permits more accurate catheter 
essment, ease of lesion crossing, and therapeutic procedural performance. 


D oe RESTENOSIS B 
R-CAROTID PTA 
22M 


à 
„Percutaneous transluminal angioplasty of a righi internat 
: carotid artery stenosis using a coaxial catheter technique. 


baad Perciitaneous transluminal angioplasty asiy of the superficial 


femoral and nontiteal arteries Ti: 





The benefits of DCI have been numerous and include: 

e Diminution of fluoroscopic time, radiation dose to the physician and laboratory: personnel 
overall procedural time. 

e Immediate review of all runs on disk enables direct evaluation of all diagnostic informati 

e Five (5) seconds of high contrast fluoroscopy allows for direct evaluation of specific sites 
obese patients. 
e Infrared remote control puts ‘‘freeze frame" road mapping under the direct control of the 
at tableside. 

e Ease of use permits the physician to direct his full attention toward the procedural déma 
equipment. 

e Automatic measurements can be obtained which include actual vessel dimensions and deg 
can be used for procedural outcome and interventional assessment. ` ; 
e image acquisition rates of up to 60 frames per second. 
e image storage capacity of 16 road maps, 100 photo files and up to 24,000 disc images 

e Simultaneous cine and digital acquisition. 

» Video and hard copy documentatian for referring physicians. 

e The DCI system additionally permits DSA as warranted in particular patient scenarios. 


Successful lysis > 
(Urokinase) and 
recanalization of the 
occluded left limb of 
an aorte-bifemoral 
graft without balloon 
angioplasty. 
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Late Outcome of Survivors of Out-of-Hospital Cardiac Arrest 


With Left Ventricular Ejection Fractions >50% and Without 
Significant Coronary Arterial Narrowing 

Peter J. Kudenchuk, Leonard A. Cobb, H. Leon Greene, Carol E. 
Fahrenbruch, and Florence H. Sheehan 


Forty-three survivors of out-of-hospital ventricular fibrillation with mini- 
mal or no coronary artery stenoses and in whom left ventricular ejection . 
fraction was 20.50 were evaluated. Of these patients, 30% had hypokine- 
sia on left ventriculography, and 47% had a persistently abnormal electro- 
cardiogram. Youth, and the presence of either wall motion or electrocar- 
diographic abnormalities, defined patients with a several-fold higher risk _ 
of recurrent cardiac arrest compared with those without such characteris- 
tics. Although cardiac arrest is unusual in patients without major structur- 
al heart disease, its recurrence is more common in younger patients, and is ` 
also predicted by abnormalities detected on the electrocardiogram or by 
contrast left ventriculography. 


T709 ee ee ee 
Comparison of Clinical and Electrophysiologic Features of 
Preexcitation Syndromes in Patients Presenting Initially After 
Age 50 Years with Those Presenting at Younger Ages 

Lynda E. Rosenfeld, Alice M. Van Zetta, and William P. Batsford 


Of 73 patients with preexcitation documented by electrophysiologic stud- 
ies, 13 (group 1) presented with their initial arrhythmias at an age >50 
years; 60 patients (group 2) were younger. All group | patients presented 
in the setting of acute or chronic diseases associated with middle age and 
often with atrial arrhythmias; only 13 group 2 patients had underlying 
illnesses (p = 0.0001). Wide complex tachycardia was more frequent in, 
older patients (7 of 13 vs 11 of 60, p <0.05). This, and the fact that the PR 
and QRS intervals of group | patients were within the normal range, 
differing significantly from those of group 2 patients (PR, 0.15 + 0.04 vs 
0.11 + 0.03 second, p <0.001; QRS, 0.09 + 0.01 vs 0.12 + 0.03 second, p 
<0.001 ), made clinical and electrocardiographic identification of preexci- 
tation more difficult. Concealed bypass tracts were more frequent in group 
1 (5 of 13 vs 8 of 60, p = 0.047), but intraatrial conduction delays also 
contributed. Thus, specific age-related descriptors characterize patients 
>50 years old who present with preexcitation syndromes. Awareness of 
these facts will enhance recognition of such patients. 
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Usefulness of Flecainide for Prevention of Paroxysmal Atrial 


Fibrillation and Flutter 
Adrian H. Pietersen and Henning Hellemann, for the Danish Norwegian 
Flecainide Multicenter Study Group 


< To evaluate flecainide acetate in the prevention of paroxysmal atrial ~ 
fibrillation and flutter, 43 patients were randomized blindly to either _ 
=- flecainide or placebo for 3 months in each period. Attacks were verified 


objectively by a minielectrocardiogram | event recorder. All 43 patients 






~ Were treated for 21 week in each period, 39 for 21 month, whereas 24 = 
ae completed all 3 months in each period. In all 3 treatment intervals, there ao 


- Continued on page A32 
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_ 3 Mahler SA, Borland RM. Clinical development of moricizine as an anti mi parisons of effi 

< tolerance of moricizine with other antiarrhythmic agents in the treatment of chronic ventricular arrhythmias. Am J Cardiol. 1990;65:32D-40D..3. Podrid PJ, B 

‘ i ive heart failure with focus on moricizine. Am J Cardiol. 1990;65:56D-64D. 4. Morganroth J, Pratt CM. Prevalence and characte 

: proarrhythmia from moricizine (Ethmozine®). Am J Cardiol. 1989:63°172-176. 5. Data on File, Du Pont Pharmaceuticals. 6. The Cardiac Arrhythmia Pilot Study 

`.. Investigators. Effects of encainide, flecainide, imipramine and moricizine on ventricular arrhythmias during the year after acute myocardial infarction: The CAPS. Amd 
1988;61:501-509. 7. Kennedy HL. Noncardiac adverse effects and organ toxicity of moricizine during short- and long-term studies. Am J Cardiol. 1990;65:47D-50D. 


_ Antiarrhythmic drug therapy for congest 





ETHMOZINE® 
(moricizine hydrochloride) 
TABLETS 


: INDICATIONS AND USAGE: ETHMOZINE is indicated for the treatment af documented ventricular arrhythmias, such as 
Sustained ventricular tachycardia, that, in the judgement of the physician are life-threatening. Because of the 
ue mic effects of ETHMOZINE, its use should be reserved for patients in whom, in the opinion af the physician, the 
He its of treatment outweigh the risks. initiation of ETHMOZINE treatment, as with other antiarrhythmic agents used to 
‘treat life-threatening arrhythmias, should be carried out in the hospital. Antiarrhythmic drugs have not been proven to 
improve survival in patients with ventricular arrhythmias. CONTRAINDICATIONS: ETHMOZINE is contraindicated in 
<: patients with preexisting second- or third-degree AV block and in patients with right bundle branch block when associated 
with left hemiblock (bifascicular block) unless a pacemaker is present, ETHMOZINE is also contraindicated in the 
presence of cardiogenic shock or known hypersensitivity to the drug. WARNINGS: M: ETHMOZI! 
‘of three antiarrhythmic drugs included in the National Heart 
Suppression. Trial 






ofthe 
“other those without recent myocardial infarction) and to 
ý EMOZINE wi at this time remains in tea is uncertain. Consi 


t agents, for patients with life-threatening ventricular ; i 
Like other antiarrhythmic drugs, ETHMOZINE can provoke new rhythm disturbances or existing arrhythmias worse. 
These proarttythmic effects can range from an increase in the frequency of VPDs to the development of new or more 
Severe ventricular tachycardia, e.g. tachycardia that is more sustained or more resistant to conversion to sinus thythm, 
with potentially fatal consequences. it is often not possible to distinguish a proarrhythmic effect from the patient's 
underlying rhythm disorder, so that the occurrence rates given below must be considered approximations. Note also that 
drugin liced arrhythmias can generally be identified only when they occur after starting the a and when the 

_ Thythm can be identified, usually because the patient is being monitored. It is clear from the NiH-sponsored CAST (Cardiac 
Arthythmia Suppression Trial) that some antiarrhythmic drugs can cause increased sudden death mortality, presumably 
due to new arrhythmias or asystole that do not appear early after treatment but that sepresent a sustained increased risk. 
ic premarketing trials included 1072 patients given ETHMOZINE; 397 had baseline lethal arrhythmias (sustained 
VT or VF and nonsustained VT with hemodynamic symptoms) and 576 had potentially lethal arrhythmias (increased 
VPDs or NSVT in patients with known structural heart disease, active ischemia, congestive heart failure or an LVEF 
< 40% andlor CI < 2.0 limin/m®), in this population there were 40 (3.7%) identified proarrhythmic events, 26 (2.5%) of 
which were serious, either fatal (6), new mically significant sustained VT or VF (4), new sustained VT that was 
not hemodynamically significant (11) or sustained VT that became syncopal/presyncopal when it had not been before (5), 
{Ip general, serious proarthythmic effects were equally common in patients with more and less severe arrhythmias, 2,5% 
in the patients with baseline lethal arrhythmias vs. 2.8% in patients with potentially lethal arrhythmias, although the 
‘patients with serious effects were more likely to have a history of sustained VT (38% vs. 2306). Five of the six fatal 
proarrhythmic events were in patients with baseline lethal arrhythmias: four had prior cardiac arrests. Rates and severity of 
mic events were similar in patients given 600-900 mg of ETHMOZINE per day and those given higher doses. 
4 nts with proarthythmic events were more likely than the overall population to have Coronary artery disease (85% vs. 
67%), page acute myocardial infarction (75% vs. 53%), congestive heart failure (60% vs. 43%), and cardi 
5% NS. ). All of the six proarthythmic deaths were in patients with coronary artery disease; 5/6 each 
“documented acute myocardial infarction, congestive heart failure, and cardiomegaly. El Disturbances. 
seen, typertalemia or hypomagnesemia may alter the effects of Class | antiarrhythmic drugs. Electrolyte 
z be corrected before administration of ETHMOZINE. Sick Sinus Syndrome. ETHMOZINE should 
‘be used only with extreme caution in patients with sick sinus syndrome, as it May cause sinus bradycardia, sinus pause of 
Sinus arrest. PRECAUTIONS: General. Electrocardiographic Changes/Conduction Abnormalities. 
ETHMOZINE slows AV nodal and intraventricular conduction, producing dose-related increases in the PR and ORS 
‘intervals. In clinical trials, the average increase in the PR interval was 12% and the QRS interval was 1496. Although the 
QTC interval is increased, this is wholly because of ORS prolongation; the JT interval is shortened, indicating the absence 
of significant slowing of ventricular repolarization. The degree of lengthening of PR and QRS intervals does not predict 
efficacy, In controled clinical trials and in open studies, the overall incidence of delayed ventricular conduction, including 
few bundie branch block pattern, was approximately 9.4%. In patients without baseline conduction abnormalities, the 


ventricular rere, is in place. When changing the dose of ETHMOZINE or adding concomitant medications which 
may also affect cardiac conduction, patients should be monitored electrocardiographically. Hepatic im +, 
Patients with significant liver dysfunction have reduced plasma clearance and an increased half-life of ETHMOZINE 
4 the hepatic disease should be 


fi and without congestive heart failure were not apparent (see Hepatic 
impairment above). in some cases, worsened heart failure has been attributed to ETHMOZINE. Patients with preexisting 
Pacemaker Threshoid. 


. The effect 
‘of ETHMOZINE on the sensing and pacing thresholds of artificial pac 


f ETHMOZ ' emiakers has not been sufficiently studied. In such 
‘patients, pacing parameters must be monitored, if ETHMOZINE is used. Drag interactions. No significant changes in 
Serum levels or pharmacokinetics have been observed in patients or healthy subjects receiving concomitant 
ETHMOZINE therapy. Concomitant use was associated with additive prolongation of the PR interval, but not with a 
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ee in ETHMOZINE clearance of 49% and a 1.4 fold increase in pasma tevels in healthy subjects. During clinical 


chan receiving 
Tonchi cimetidine therapy. Patients on cimetidine should have ETHMOZINE therapy initiated at tively low doses, 
fot more than 600 moida Patients should be monitored when concomitant cimetidine therapy is instituted or 
discontinued or when the ZINE dose is changed. Concomitant administration of beta blocker did not 
Teveal significant changes in overall electrocardiographic aenak n paberis. i one controlled study, i E and 


fopranoial administered concomitantly produced a small additive increase in the PR interval. T! clearance and 
glasma halt-ite were significantly affected by multiple dose ETHMOZINE administration when both conventional and 
Sustained release line were given to healthy subjects (clearance increased 44 ‘66% and plasma halflife decreased 
19-33%), Plasma Should be monitored when concomitant ETHMOZINE is initiated or i 


blockers, ACE inhibitors, and warfarin. Plasma warfarin fevels, warfarin pharmacokinetics, and prothrombin times were 
sues ales NE ane pesma pr AEA ET A posta ies tal ee 

i nsin in other ma protein 
CARCINOGENESIS, MUTAGEN nA MAPAIRMENT. : i E in a 2b month mose in which 
ETHMOZINE was administered in the feed at concentrations calculated to provide doses ng up te 320 mgikaiday. 
Ovarian Jubular- adenomas and. granulosa cell tumors. were iimiled in occurrence 10 ETHMOZINE teated: animais 





agent. Am J Cardiol. 1990;65:11D-14D. 2. Anderson JL, Compari 


Du Pont Pharmaceuticals à 









































indicate that both of these tumors are uncommon in the strain of mouse studied. in a 24-mont ‘ 
ETHMOZINE was administered by gavage to rats at doses of 25, 50 and 100 mg/kg/day, Zymbal’s Gland 


dose produced a dose-related decrease in pup and maternal weight gain, possibly related to a larger litter size. ina: 
which dosing was begun on Day 15 of gestation, ETHMOZINE, at a level 6.7 times the maximum recommended 
daily dose, produced a retardation in maternal weight gain but no effect on pup growth. Nursing. 
ETHMOZINE is secreted in the milk of laboratory animals and has been reported to be present in human i 
the potential for serious adverse reactions in nursing infants from ETHMOZINE, a decision should be made wi 
discontinue the drug, taking into accoun: the importance of the drug to the mother Pediatrie Use. The: 
effectiveness of ETHMOZINE in children less than 18 gs of age have not been established, AOVERSE 
The most serious adverse reaction reported for ETHMOZINE is proarrhythmia (see WARNINGS). This occurred 
1072 patients with ventricular arrhythmias who received a wide range of doses under a variety of ci 
addition to discontinuations because of proarrhythmias, in controlled clinical trials and in open studies, adverse 
led to discontinuation of ETHMOZINE in 7% of 1105 patients with ventricular and supraventricutar arrhythmias, 
3.2% due to nausea, 1.6% due to ECG abnormalities (principally conduction defects, sinus pause, junctional 
4% due to dizziness, anxiety, drug fever, urinary retention, 





than 20% of patients experienced dizziness on the b.id. regimen vs. 12% on the tid. regimen. Adverse 
aroma pe revere, Dut in 2% or greater of the patients were: sustained ventricular tachycardia, 
abdominal pain, dyspepsia, vomiting, sweating, cardiac c! ja, ni ; i 


infrequently reported (in less than 2% of patients) were: Cardiovascular- , hypertension, 
patron A arrhythmias (including atrial fibrilation/lutter), cardiac arrest, bradycardia, pu monary. 
myocardial infarction, vasodilation, cerebrovascular events, thrombophlebitis; Nervous tre 
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Genitourinary —urinary retention or frequency, dysuria, urinary incontinence, kidney pain, impotence, 
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one patient experiencing an elevation above 103°F (to 105°F, with rigors). Fevers occurred at about 2 weeks 
and after 21 weeks in the third. Fevers resolved within 48 hours of discontinuation of moricizine, Adverse reac 
generally similar in patients over 65 (n=375) and under 65 (n=697), me discontinuation of therapy fo 
other than proarrhythmia was more common in older patients (13.99% vs, 7.7%). Overall mortality was greater: 
patients (9.3% vs, 3.9%), but those were not deaths attributed to treatment and the older patients had more 
underlying heart disease. The following table compares the mast common (occurrence in more than 2% of the 
noncardiac adverse reactions (.e., drug-related or of unknown relationship) in controtied clinical trials during | 
to two ray of therapy with ETHMOZINE. quinidine, placebo, disopyramide, or propranolol in patients with, 
arrhythmias, 8 
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hypotension, ci 
junctional bradycardia, ventricular cardia, ventricular and le), and respiratory f 
Dose in Animals. Oral doses of ETHMOZINE of about 200 in. dogs, ni in- monkeys, 420 mgikg in 
and 905 mg/kg in rats were lethal to about one-half of the animals exposed. Death was usually preceded by 
convulsions and respiratory depression. a m an Sonerii astman Procederg. i ook 
ETHMOZINE has not been identified. to the event of overdosage, treatment should be supportive. Patients should 
hospitalized and monitored tor cardiac, respiratory and CNS ch . Advanced fe support systems, including 
intracardiac pacing catheter, should be provided where necessary: Acute overdosage should be treated with appro} 
gastric evacuation, and with special care to avoid aspiration. Accidental introduction of ETHMOZINE into the 
monkeys resulted in rapid arrhythmic death. ; ES 





` were significant reductions in the number of attacks (p £0.002). Com- 
plete suppression with flecainide treatment was seen in 15 of 43 patients 
(35%) treated for 1 week, in 18 of 39 (46%) treated for 1 month andin 12 
of 24 (50%) completing all 3 months. Adverse effects were reported in 32 
of the 43 patients, with 2 withdrawals. One patient died suddenly. Thus, 
_ flecainide significantly suppresses the number of attacks of paroxysmal 
atrial fibrillation and flutter. Adverse effects were frequent but mostly 
tolerable. 


748 ie 
Time of Onset of Supraventricular Tachyarrhythmia in Relation 
to Alcohol Consumption 

Markku Kupari and Pekka Koskinen 


The etiology and the time of onset of supraventricular tachyarrhythmia 
was recorded in 289 patients aged <65 years who also underwent a. 
screening test for alcoholism and an assessment of alcohol consumption 
during the week preceding the arrhythmia. Among 102 patients with . 
idiopathic arrhythmias, patients with arrhythmias beginning on Satur- 
days or on Sundays were more often chronic, heavy drinkers (47%) than © 
either patients with episodes beginning from Mondays through Fridays 
(22%) or control subjects from the out-of-hospital population (12%). The 
increased frequency of problem drinkers was mainly relative, however, 
and resulted from a decreased number of abstainers and non-problem < 
drinkers. No conspicuous clustering of alcohol-related arrhythmias was 
seen after New Year’s or May Day. These data support the role of alcohol 
in idiopathic weekend-onset arrhythmias but indicate that the question is 
of a relative rather than an absolute overrepresentation. 


SYSTEMIC HYPERTENSION 


723 ae ee 
Mean and Range of the Ambulatory Pressure in Normotensive 
Subjects from a Meta-Analysis of 23 Studies 

Jan A. Staessen, Robert H. Fagard, Paul J. Lijnen, Lutgarde Thijs, Roger 
Van Hoof, and Antoon K. Amery 


To perform a meta-analysis of published reports in an attempt to deter- 
mine the mean and range of the normal ambulatory blood pressure (BP), 
23 studies, including a total of 3,476 normal subjects, were reviewed. With 
weighting for the number of subjects included in the individual studies, the 
24-hour BP averaged 118/72 mm Hg, the daytime BP 123/76 mm Hg 
and the nighttime BP 106/64 mm Hg. If the mean + 2 standard deviation 
intervals in the various studies were considered normal, the range of 
normality was 97 to 139/57 to 87 mm Hg for 24-hour BP, 101 to 146/61 = 
‘to 91 mm Hg for daytime BP, and 86 to 127/48 to 79 mm Hg for 
nighttime BP. 


Continued on page A34 
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Hemodynamic and Neurohormonal Effects of Quinidine in 
Patients with Severe Left Ventricular Dysfunction Secondary 
to Coronary Artery Disease or Idiopathic Dilated 
Cardiomyopathy 

Stephen S. Gottlieb and Michelle Weinberg 


Quinidine causes vasodilation and exerts negative inotropic activity. The 
consequences of these opposing actions have not been evaluated in patients 
with congestive heart failure. The hemodynamic and neurohormonal re- 
sponse to oral quinidine (600 mg) was therefore determined in 19 patients 
with severe chronic heart failure. Vasodilation was the predominant effect 
of quinidine, with reductions in mean arterial, left ventricular filling and 
right atrial pressures of 9, 8 and 15%, respectively. The quinidine-induced 
vasodilation increased plasma norepinephrine and epinephrine concentra- 
tions by 44 and 47%, respectively. No change in cardiac performance was 
noted, with the cardiac index slightly increased (10%) and stroke work 
index unchanged. Although the mean serum quinidine concentration was 
within the therapeutic range or lower in all patients, the quinidine concen- 
tration and the change in mean arterial pressure did correlate (r? = 0.64). 
In conclusion, vasodilation is the predominant hemodynamic effect of oral 
quinidine in patients with congestive heart failure. 


SO ei Wily ele ee A De te ee 
Effects of Prolonged Infusion of Human Alpha Calcitonin Gene- 
Related Peptide on Hemodynamics, Renal Blood Flow and 
Hormone Levels in Congestive Heart Failure 

Y. Chandra Shekhar, Inder S. Anand, Raghav Sarma, Roberto Ferrari, 
Purshotam L. Wahi, and Philip A. Poole-Wilson 


The effects of prolonged infusion of calcitonin gene-related peptide 
(CGRP) (8 ng/kg/min for 8 hours) on the hemodynamic functions, 
plasma hormones and renal blood flow were studied in 9 patients with 
congestive heart failure (New York Heart Association class III or IV, 
ejection fraction <35%). CGRP behaved like a balanced vasodilator. 
Systemic vascular resistance decreased more than pulmonary vascular 
resistance. There was no evidence of tachyphylaxis throughout the infu- 
sion. The hemodynamic effects were lost within 30 minutes of discontinu- 
ing CGRP. Renal blood flow and glomerular filtration rate increased. 
Plasma atrial natriuretic peptide decreased while cortisol increased. Other 
hormones remained unchanged. CGRP has sustained beneficial effects on 
hemodynamic indexes without adverse effects on hormones. Unlike many 
other vasodilators, CGRP also increases renal blood flow and glomerular 
filtration. 


Continued on page A40 
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CONGENITAL HEART DISEASE 


737 
Analysis of Survival in Patients with Pulmonic Valve Atresia 
and Ventricular Septal Defect 

Michael Hofbeck, Jan T. Sunnegårdh, Patricia E. Burrows, C. A. F. Moes, 
Nancy Lightfoot, William G. Wiliams, George A. Trusler, and Robert M. 
Freedom 





This study reviews the clinical course of 104 consecutive patients with 
pulmonic valve atresia and ventricular septal defect who were diagnosed in 
the first year of life. Confluent pulmonary arteries supplied by a single 
ductus were present in 72 patients (69%, group I), whereas 32 patients 
(31%, group II) had a pulmonary blood supply partially or exclusively 
dependent on systemic collateral arteries. An estimate of the probability of 
survival for 10 years was 69% in both groups. Corrective surgery was 
performed in 33 of 72 group I patients (46%) versus 5 of 32 group II 
patients (16%). Arborization abnormalities and intrapulmonary stenoses 
accounted for the lower probability of undergoing corrective surgery in 
group II patients. 


PC SO A MYN ey hp Re a a 
Pulmonary Artery Morphology and Hemodynamics in Pulmonic 
Valve Atresia with Ventricular Septal Defect Before and After 
Repair 

Yasuhisa Shimazaki, Masahiko lio, Susumu Nakano, Shizuo Morimoto, 
Seiichiro Ikawa, Hikaru Matsuda, and Yasunaru Kawashima 


Cardiac catheterization and angiographic studies were performed in 22 
patients with pulmonic valve atresia and ventricular septal defect before 
and after repair. Mean postoperative pulmonary artery pressure (PAP) 
ranged from 9 to 92 mm Hg (mean 28 + 19) and pulmonary vascular 
resistance ranged from 1.1 to 35.2 U - m? (mean 6.4 + 8.0), and these data 
correlated. The number of (effective) pulmonary artery subsegments con- 
nected to the central pulmonary arteries ranged from 22 to 42 (mean 38 + 
6). Pulmonary vascular resistance correlated with the number of effective 
subsegments (r = —0.85, p <0.001), the mean preoperative PAP (r = 
0.79, p <0.001 ), the sum of the pulmonary artery areas after branching (r 
= —0.73, p <0.001 ) and the postoperative pulmonary artery area index of 
the right and left pulmonary arteries at prebranching (r = 0.70, p 
<0.001). The incidence of pulmonary vascular resistance being <3.0 U - 
m? was higher in patients with >36 effective subsegments and with a 
preoperative pulmonary artery area index >0.5 (p <0.01). Postoperative 
PAP and pulmonary vascular resistance may be predictable when the 
pulmonary artery area and the number of effective subsegments are mea- 
sured before repair. Early palliation to increase pulmonary artery size and 
the number of effective subsegments is recommended for obtaining nor- 
mal pulmonary hemodynamics after repair. 


Continued on page A43 
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749 NA eS ee Sh ees 
Catheter-Based Intravascular Ultrasound Imaging of Chronic 
Thromboembolic Pulmonary Disease 

Francois Ricou, Pascal H. Nicod, Kenneth M. Moser, and Kirk L. Peterson 


Pulmonary thromboendarterectomy is the treatment of choice for pulmo- 
nary hypertension due to chronic pulmonary thromboemboli. A precise 
assessment of location and extension of these thrombi is important as only 
proximal chronic pulmonary thromboemboli are accessible to surgery. 
Because intravascular ultrasound imaging can assess not only arterial 
luminal size, but also wall thickness, its value as a complement to angiog- 
raphy was assessed in 11 patients with severe pulmonary hypertension. 
Results show that intravascular ultrasound of pulmonary arteries is feasi- 
ble and safe in patients with pulmonary hypertension. It may help to assess 
the location and the extent of the pathologic process involving pulmonary 
arteries. 


METHODS 


yf eS A E E ME SAE ai Soka ae Yee ee 
Assessment of Right Ventricular Oxidative Metabolism by 
Positron Emission Tomography with C-11 Acetate in Aortic 
Valve Disease 

Rodney J. Hicks, Victor Kalff, Vicky Savas, Mark R. Starling, and 

Markus Schwaiger 


Evaluation of right ventricular (RV) oxidative metabolism is limited by 
the inability to determine oxygen extraction by the right ventricle and its 
complex morphology. The feasibility of positron emission tomography- 
derived RV C-11 acetate clearance kinetics for evaluation of RV oxidative 
metabolism was assessed in 21 patients with noncoronary cardiac disease. 
RV C-11 clearance rate constants correlated significantly with RV hemo- 
dynamic data (r = 0.7, p <0.05). Patients were stratified into subgroups 
with normal and elevated pulmonary pressures, and compared with 10 
normal control subjects. RV C-11 clearance rate constants were signifi- 
cantly higher in the subgroup with elevated (n = 13) pulmonary artery 
pressures than in patients with normal (n = 8) pulmonary artery pres- 
sures, and in normal control subjects (p <0.05). These preliminary data 
suggest that RV C-11 acetate clearance rate constants can provide nonin- 
vasive evaluation of RV oxidative metabolism. 


Ff NO DPE DEE NOR oO ER DE ASA MOT Oe ADAMS Oat ae E 
Validity of Catheter-Tip Doppler Technique in Assessment of 
Coronary Flow Velocity and Application of Spectrum Analysis 
Method 

Masakazu Yamagishi, Daisuke Hotta, Jun Tamai, Satoshi Nakatani, and 
Kunio Miyatake 


To determine absolute coronary flow velocity, flow velocity was measured 
using a Doppler catheter in which signals were analyzed by a custom- 


Continued on page A47 
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designed fast-Fourier transformation analysis system. In the in vitro mod- 
el, the measured flow velocity was well correlated with actual flow velocity 
(y = 1.01 x +1.5, r = 0.988). In clinical cases, flow velocity pattern in the 
left anterior descending artery was shown to have predominant diastolic 
components that were preceded by small systolic components. The peak 
flow velocity of diastolic components was 44 + 12 cm/s (mean + standard 
deviation) and that of systolic components 17 + 8 cm /s. During rapid 
atrial pacing, an increase in flow velocity was well correlated with an 
increase in great cardiac vein flow. It is suggested that the Doppler cathe- 
ter technique with full spectrum analysis is useful in clinically assessing 
coronary flow velocity pattern. 


EDITORIAL 


Pf, Meat ESE CS ENE. es MOS is all Okey eh, oN 
On Jumbo and Junk Trials: A Fumbled Affair, a Jungle, or the 
Ultimate Solution? 

Paul G. Hugenholtz 


BRIEF REPORTS 


Fs: = a « Him vB A EN R hel Ee SS EE DE S/W oe COE 
Effects of Superoxide Dismutase on Reperfusion Arrhythmias 
and Left Ventricular Function in Patients Undergoing 
Thrombolysis for Anterior Wall Acute Myocardial Infarction 
Yoshiharu Murohara, Yoshiki Yui, Ryuichi Hattori, and Chuichi Kawai 


769 
Incidence and Presumed Etiology of Ventricular Fibrillation 
During Coronary Angioplasty 

Edmund Brennan, Peter R. Mahrer, and Vicken J. Aharonian 





771 

Comparison Between Ventricular Inhibited Pacing and 
Physiologic Pacing in Sick Sinus Syndrome 

Yasuyuki Sasaki, Akiko Furihata, Kazuhiro Suyama, Yasutaka Furihata, 
Seiichi Koike, Takeshi Kobayashi, Masahiro Shimotori, Kunio Akahane, 
and Seiichi Furuta 


774 

Variability of the QT Measurement in Healthy Men, with 
Implications for Selection of an Abnormal QT Value to Predict 
Drug Toxicity and Proarrhythmia 

Joel Morganroth, Frank V. Brozovich, John T. McDonald, and Robert A. 
Jacobs 
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Prevalence and Severity of Valvular Aortic Stenosis 
Determined by Doppler Echocardiography and Its Association 
with Echocardiographic and Electrocardiographic Left 
Ventricular Hypertrophy and Physical Signs of Aortic Stenosis 
in Elderly Patients 

Wilbert S. Aronow and Itzhak Kronzon 


778 

Mitral Regurgitation During B Bump of the Mitral Valve 
Studied by Doppler Echocardiography 

Yutaka Otsuji, Hitoshi Toda, Toshiro Ishigami, Souki Lee, Hideki Okino, 
Shinichi Minagoe, Shoichiro Nakao, and Hiromitsu Tanaka 


781 

Aortic Aneurysm in Patients with Functionally Normal or 
Minimally Stenotic Bicuspid Aortic Valve 

Roman T. Pachulski, Anthony L. Weinberg, and Kwan-Leung Chan 


TOE PE sR ec Ae PRAY er Pat MPR PALA E ls 
Effect of Cyclosporine on Plasma Endothelin Levels in Humans 
After Cardiac Transplantation 

Brooks S. Edwards, Sharon A. Hunt, Michael B. Fowler, Hannah A. 
Valantine, Lisbeth M. Anderson, and Amir Lerman 


785 
Usefulness of the Subaortic Diameter for Normalizing Left 
Ventricular and Left Atrial Dimensions 

Michael J. Domanski, Robert E. Cunnion, and William C. Roberts 
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Complications of Diagnostic Cardiac Catheterization Requiring 
Surgical Intervention 

Jon R. Cohen, Frederic Sardari, Lauren Glener, John Peralo, Andrew 
Grunwald, Gary Friedman, Jerome Koss, Obi Nwasokwa, and Monty 
Bodenheimer 
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Comparison of Celiprolol and Propranolol in 
Stable Angina Pectoris 
William H. Frishman, MD, Mark Heiman, MD, Judith Soberman, MD, 


Steven Greenberg, MD, and Jack Eff, MD, 
for the Celiprolol International Angina Study Group* 


The comparative antianginal effects and safety of 
propranolol and celiprolol, a highly 8;-selective 
adrenoceptor blocker with selective partial 82-adre- 
noceptor agonist activity, were assessed in an in- 
ternational multicenter, placebo run-in, active con- 
trol, double-blind, randomized, titration-to-effect 
study of 140 patients with stable, exercise-induced 
angina pectoris. At baseline, all patients received 
placebo for 2 weeks, then titrated doses of once- 
daily celiprolol (200, 400, 600 mg) or twice-daily 
propranolol (total daily dose 80, 160, 320 mg) over 
4 weeks, followed by a 2-week maintenance period. 
Heart rate and blood pressure, at rest and with ex- 
ercise, weekly anginal attack frequency, nitroglyc- 
erin consumption and symptom-limited treadmill 
exercise times (modified Bruce protocol) were as- 
sessed. Compared with their respective baselines, 
both celiprolol and propranolol reduced anginal at- 
tack and nitroglycerin consumption rates to a com- 
parable degree, while improving exercise tolerance 
(p <0.05). Treatment with propranolol compared 
with celiprolol, however, was associated with a sig- 
nificantly lower heart rate at rest (p <0.01). The 
double-product at the conclusion of exercise testing 
was significantly reduced by both drugs. Celiprolol 
and propranolol had similar effects on blood pres- 
sure, and were well tolerated. More symptomatic 
bradycardia occurred with propranolol. Despite the 
differences in their hemodynamic actions, once-dai- 
ly celiprolol is as effective as twice-daily proprano- 
lol in the treatment of patients with stable angina 
pectoris. 

(Am J Cardiol 1991;67:665-670) 


From the Department of Medicine, The Albert Einstein College of 
Medicine, Bronx, New York. This study was sponsored in part by 
Rhône-Poulenc Rorer, Horsham, Pennsylvania. Manuscript received 
October 5, 1990; revised manuscript received and accepted November 
26, 1990. 

Address for reprints: William H. Frishman, MD, 1825 Eastchester 
Road, Bronx, New York 10461. 


*See Appendix. 


in the treatment of patients with angina pecto- 

ris.'? Celiprolol is a relatively long-acting 6-se- 
lective adrenergic blocker with selective B>-adrenergic 
agonist activity. Unlike classic 6 blockers, celiprolol ap- 
pears not to depress cardiac contractility at rest, and 
Causes systemic vasodilation, its major mechanism for 
reducing blood pressure at rest.4 The drug has been 
shown to be effective in the treatment of patients with 
systemic hypertension,*® and those with arrhyth- 
mia.’ To assess the potential advantages of a selective 8; 
blocker with vasodilating activity, this study was de- 
signed to identify differences, if any, in the antianginal 
effectiveness and safety of celiprolol versus propranolol 
in patients with chronic stable angina pectoris. 

To decrease the variability of treadmill exercise 
Stress test results, the entry requirements included a 
window of 3 to 7.5 minutes in which all qualifying pa- 
tients experienced exercise-limiting angina during 2 
tests before randomization, a requirement that had not 
yet become common for entry into antianginal clinical 
studies when this study was started. 


Bits exe: blocking drugs are widely accepted 


METHODS 

Patient population: One hundred forty men and 
women aged 21 to 80 with a primary diagnosis of 
chronic, stable, exertional angina for >3 months before 
enrollment were considered for entry. Patients were to 
have a cardiac status characterized as uncompromised, 
slightly compromised, or moderately compromised (Ca- 
nadian Heart Association class I or II). 

Patients were excluded if they had myocardial in- 
farction, coronary artery bypass surgery, angioplasty 
within 4 months, chest pain at rest or unstable angina, 
congestive heart failure, poor myocardial contractility, 
significant valvular disease, sinus bradycardia or heart 
block >1°, arrhythmia requiring concomitant therapy; 
supine diastolic blood pressure >104 mm Hg; supine 
systolic blood pressure >180 mm Hg or hypertension 
requiring concomitant medications other than diuretics 
or up to 1,000 mg/day of alpha-methyldopa, or both; 
chronic obstructive lung disease requiring concomitant 
therapy; and insulin-requiring or uncontrolled diabetes 
mellitus. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1991 665 


See ee ee eee 


Patients were enrolled in 13 centers located in South 
America, the United States, and Europe, and signed an 
approved informed consent form. 

Study design (Figure 1): Qualifying patients were 
enrolled in this multicenter, double-blind, parallel, ran- 
domized trial to compare the safety and efficacy of celi- 
prolol at titrated doses of 200, 400 and 600 mg/day 
with propranolol at titrated doses of 40, 80 and 160 mg 
twice/day for the treatment of chronic exertional angi- 
na pectoris. 

At the initial visit, =1 treadmill exercise tolerance 
test was performed to determine the starting stage of 
the modified Bruce protocol that would consistently re- 
sult in termination due to exercise-limiting angina last- 
ing between 3 to 7.5 minutes of total exercise. In addi- 
tion to the angina, each qualifying exercise elec- 
trocardiogram was required to reveal a horizontal or 
downsloping ST-segment depression lasting 21.0 min- 
ute, measured 0.08 second after the J point, within 2 
minutes after termination of exercise. 

After the appropriate starting stage was established, 
2 more exercise stress tests meeting the aforementioned 
criteria qualified patients for double-blind treatment af- 
ter >2 weeks of placebo lead-in. The second test had to 
be performed on the qualifying day, but the first could 
be performed at a time not <15 hours or >9 days be- 
fore the second test. 

At each of the 2 weekly visits before double-blind 
treatment, 0.4 mg of sublingual nitroglycerin and a suf- 
ficient quantity of twice-daily placebo medication exter- 
nally identical in appearance to the active medication 
was dispensed. 

Patients who met the specific entry criteria were 
randomly allocated to celiprolol or propranolol treat- 
ment groups by a computer-generated code. During the 
first 2 weeks of active treatment, patients received ei- 
ther 200 mg/day of celiprolol in the morning and place- 
bo in the evening, or 40 mg of propranolol twice/day. 
At the end of these first 2 weeks, patients underwent 
repeat exercise testing. Those who did not have an in- 
crease of 220% over baseline in the time to exercise- 
limiting angina were titrated to either 400 mg of celi- 
prolol once each morning or to 80 mg of propranolol 
twice/day. At the end of the next 2 weeks, patients 
again underwent exercise testing. Patients who did not 


Study Design 


Celiprolol 


achieve an improvement >20% in exercise time were 
titrated to the next higher dose of either celiprolol (400 
or 600 mg once each morning) or to propranolol (80 or 
160 mg twice/day), which they took for 2 weeks before 
returning for the final double-blind treadmill evalua- 
tion. The active treatment phase was followed by a 1- 
week down-titration (tapering) and a subsequent 1- 
week single-blind placebo lead-out phase. 

Methods of observation: All patients kept a detailed 
daily diary of anginal episodes and the amount of sub- 
lingual nitroglycerin consumed to abort anginal attacks. 
Diaries were analyzed at each visit to determine weekly 
episodes of angina and sublingual nitroglycerin con- 
sumption. Diary accuracy was confirmed by counting 
nitroglycerin tablets. Likewise, compliance was assessed 
by counting the study drug pill at each visit. 

At study entry (or during placebo lead-in) all pa- 
tients underwent a complete history and physical exami- 
nation, and a fasting clinical laboratory evaluation com- 
prising a complete blood count, a urinalysis and bio- 
chemical screen, a chest x-ray (optional), and a 12-lead 
electrocardiogram. An optional ophthalmologic exami- 
nation was performed. These procedures were repeated 
either at the end of the down-titration or placebo lead- 
out phases. 

Patients were seen for 2 visits during the single-blind 
placebo phase (or for 1 visit only if both qualifying exer- 
cise tests were performed after the 2-week placebo lead- 
in), for every 2 weeks during the double-blind titration 
phase, and again after 1 week of the down-titration and 
placebo lead-out phases. At each visit, supine pulse rate 
and blood pressure were recorded, and a brief cardio- 
vascular examination was performed and 12-lead elec- 
trocardiogram obtained. 

Data on adverse experiences were compiled from pa- 
tient reports (undirected history) and from direct obser- 
vations made by the investigator. Adverse clinical and 
laboratory experiences were evaluated by the investiga- 
tor for severity, clinical significance, and relation to 
drug administration. 

Exercise testing: Multistage treadmill exercise test- 
ing was performed according to a modification of the 
Bruce protocol during the first through the sixth visits 
and at the eighth visit. The appropriate starting stage at 
which to achieve exercise-limiting angina in 3 to 7.5 


FIGURE 1. Study protocol. 
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minutes was determined at the first visit. All subsequent 
exercise tests were to begin at this stage. The final ex- 
ercise test performed during the single-blind placebo 
phase was used as baseline for purposes of comparison. 
Exercise tests were performed from 20 to 28 hours after 
the previous morning dose and from 10 to 14 hours af- 
ter the previous evening dose. 

Heart rate and blood pressure were measured every 
3 minutes during exercise, at the onset of angina, at the 
onset of 1-mm ST depression, at the onset of exercise- 
limiting angina, at the termination of exercise (if differ- 
ent from all of the above), and at a minimum of | and 2 
minutes into recovery. Continuous electrocardiographic 
monitoring was used and sample recordings obtained 
every minute during exercise and recovery, and at the 
time of onset of angina, 1-mm ST depression, exercise- 
limiting angina or exercise termination. Times (in min- 
utes and seconds) to the onset of angina, 1-mm ST de- 
pression and exercise-limiting angina or exercise termi- 
nation were recorded. 

During the active treatment phase, before exercise- 
limiting angina, the protocol required termination of 
treadmill testing if any of the following occurred: >90% 
maximal predicted heart rate, supraventricular tachy- 
cardia, premature ventricular contractions >25%, ven- 
tricular tachycardia, intracardiac block precipitated by 
exercise, peripheral circulatory insufficiency; either an 
acute decrease in systolic blood pressure or a failure of 
systolic blood pressure to increase >10 mm Hg; systolic 
blood pressure >260 mm Hg, diastolic blood pressure 
>120 mm Hg, 23-mm ST depression, excessive dys- 
pnea or fatigue, failure to increase heart rate after 6 
minutes of exercise, ataxic gait, or at the patient’s re- 
quest. 

Statistical methods: Data presented are mean + 
standard deviation. Baseline data were compared using 
a 2-way analysis of variance, except for sex and race— 
variables that were compared with a chi-square test, 
with p <0.05 chosen as the level of statistical signifi- 
cance. Comparisons between baseline and end-of-treat- 
ment data, and between celiprolol- and propranolol- 
treated groups, were included, using analysis of variance 
based on 2-tailed ¢ tests, with p <0.05 chosen as the 
level of statistical significance. 

Materials: All materials, including study medica- 
tions, were provided by the sponsor, Revlon Health 
Care Corporation, Tuckahoe, New York, which is now 
Rhéne-Poulenc Rorer, Inc., Fort Washington, Pennsyl- 
vania. 


RESULTS 

One hundred nine men and 31 women (n = 140) 
were randomized to receive double-blind active treat- 
ment; 67 were assigned to celiprolol once a day and 73 
to propranolol twice a day. Baseline demographic and 
exercise characteristics are listed in Table I. There were 
no significant differences between groups for any of the 
demographic and baseline variables (p >0.05). 

Before the study was unblinded, 21 of 67 celiprolol- 
and 30 of 73 propranolol-treated patients were identi- 
fied for the protocol-evaluable population. Most proto- 
col violations resulted from inappropriate timing of 


TABLE I Baseline Characteristics (Mean + SE) 


Celiprolol Propranolol 
(n=67) (n=73) 


79 77 





p Value 










Male (%) 















Age (yr) 60.3410 605411 064 

Weight (kg) 75.2415 767413 0.50 

Race (% white) 91 93 0.64 

Time to exercise-limiting 5.79+0.17 5.86+40.16 0.79 
angina (min) 

Time to 1-mm ST-depression 3.99+0.22 3.9940.21 0.92 
(min) 

Time to onset of angina (min) 4.1040.16 4.10+0.15 0.95 





SE = standard error. 


treadmill tests relative to drug administration, and inap- 
propriate titration of dose based on treadmill test re- 
sponse; as a result, the protocol-evaluable population 
completing the double-blind active treatment phase and 
used in the analysis comprised 17, 17 and 12 patients (n 
= 46) who were appropriately maintained at 200, 400 
and 600 mg/day of celiprolol, respectively, and 21, 7 
and 15 patients (n = 43) maintained at 40, 80 and 160 
mg twice/day of propranolol, respectively. 

The efficacy of propranolol and celiprolol for the 
treatment of chronic stable exertional angina was as- 
sessed by patient diaries (for anginal attack frequency 
and nitroglycerin consumption) and exercise treadmill 
test data after 6 weeks of active treatment (sixth visit). 
The primary treadmill variables used to assess efficacy 
were the times to the onsets of angina, 1-mm ST de- 
pression, and exercise-limiting angina. When none of 
these end points occurred, total exercise time was used 
in their stead. Secondary efficacy parameters were dou- 
ble-products at peak exercise and at maximal attained 
work load. Comparisons between the celiprolol and pro- 
pranolol groups are summarized in Table II. There were 
no significant differences between treatment groups for 
any of the end points analyzed. There was a near-signif- 
icant difference in the change from baseline for double- 
product at maximal workload. The decrease in heart 
rate at rest was significantly greater for the propranolol 
group than for the celiprolol group. Both groups had 
significant improvements over baseline treadmill testing 
for times to the onsets of exercise-limiting angina, angi- 
na, 1-mm ST depression, and patient diary evaluations 
of weekly anginal attack rate. The double-product 
at peak exercise also decreased significantly in both 
groups. Weekly nitroglycerin consumption significantly 
decreased in the propranolol but not in the celiprolol 
group. There was no significant difference between celi- 
prolol and propranolol based on the number of patients 
categorized as responders (220% improvement in total 
exercise time compared with baseline, 59 vs 47%, re- 
spectively, p = 0.22). 

Additional analysis was performed for all patients 
randomized to double-blind active treatment, except for 
2 celiprolol patients and 1 propranolol patient who were 
excluded because they did not undergo treadmill tests 
while in the active treatment phase. In terms of the last 
treadmill test performed, there was no difference be- 
tween treatment groups for times to exercise-limiting 
angina, 1-mm ST depression or onset of angina. 
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Safety: All 140 patients randomized to active treat- 
ment were included in the safety evaluation. The total 
number of patients (n = 24) reporting adverse experi- 
ences was similar for both groups (celiprolol 12 [34%], 
propranolol 12 [30%]). Likewise, reactions deemed pos- 


Celiprolol 
(mean dose 378 mg q.d.) 


Change from 


Baseline Baseline 


sibly or definitely related to the study drug by the inves- 
tigators before unblinding occurred in a similar percent- 
age for both the celiprolol and propranolol groups (18 
and 16%, respectively), although the 7 patients with 
the 11 adverse experiences considered definitely related 


Propranolol 
(mean dose 78.6 mg b.i.d.) 


Change from 


Baseline Baseline 


Protocol-Evaluable Population 







Time to exercise- 5.67 
limiting angina (min) 

Time to 1-mm ST 
depression (min) 

Time to onset of 
angina (min) 

Double-product at 
maximal exercise 
(beats/min -mm 
Hg x 10) 

Resting heart 
rate (beats/min) 


4.16 


3.93 


223.9 


724 


1.39 + 1.39* 
1.68 + 1.67* 
1.66 + 1.70* 


—37.2 + 39.5* 


—2.83 + 7.65 


(n= 43) 





5.79 1.544 1.72* 0.96 
3.94 1.28 + 1.58* 0.27 
4.04 1.88 + 2.07* 0.90 
227.0 —49.9 + 42.9* 0.09 
717 —12.7+7.67* <0.01 


All Patients with Evaluable Diary Data 
4 


(n= 59) (n= 55) 
Weekly angina 5.5 —2.7 + 4.7* 3. —2.1 + 2.8* 0.51 
attack rate 
(n = 56) (n=51) 
Weekly nitroglycerin 2.0 —0.442.4 19 —-13+43.2* 0.15 
consumption 


* p <0.05 for difference from baseline means. 


Celiprolol 


ee eeeSeSeSeSsSs—si ee 


Body System No. Reported* 


Cardiovascular 
(bradycardia) 
(other) 

Eye, ear, nose, 
throat 

Gastrointestinal 
(abdominal pain) 
(other) 

Genitourinary 

Musculoskeletal 
(pain/cramps) 
(other) 

Nervous 
(headache) 
(dizzy /faint) 
(other) 

Psychiatric 

Respiratory 

Other 
(death) 
(fatigue) 

Total 


* Some patients reported >1 adverse experience. 
1 Relation to study drug determined by investigators before unblinding. 
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Propranolol 


——— 


No. Reported* 
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were all in the propranolol group. The most frequently 
reported adverse reactions were tiredness/fatigue (celi- 
prolol 4 [6%], propranolol 7 [10%]), leg cramps (celi- 
prolol 3 [4%] and propranolol 0 [0%]) and symptomatic 
bradycardia (celiprolol 0 [0%] and propranolol 4 [6%]). 
Electrocardiographic changes from baseline, consistent 
with sinus bradycardia, were noted in 59% of the pro- 
pranolol patients but in only 21% of the celiprolol pa- 
tients. Data relating to adverse experiences are summa- 
rized in Table III. 


DISCUSSION 

Beta-adrenergic blockers have gained wide accep- 
tance for the treatment of patients with stable and un- 
stable angina pectoris when used alone or in combina- 
tion with other antianginal therapies.' Their antianginal 
and antiischemic effectiveness relates to their ability to 
decrease heart rate, blood pressure and myocardial con- 
tractility at rest, while attenuating increments in both 
heart rate and blood pressure during exercise.? Al- 
though coronary artery resistance may not change or 
may even increase with many £ blockers, total coronary 
blood flow may still be maintained by the increase in 
diastolic coronary perfusion time observed with lower 
heart rates.? 

More controversial is the relative antianginal effec- 
tiveness of 6 blockers with partial agonist activity.!°!! 
Heart rate reduction is a major contributor to the anti- 
anginal effects of 8 blockers, and because agents with 
partial agonism have minimal bradycardic action, it has 
been suspected that they might be less effective as treat- 
ments for angina. 

Celiprolol is a unique drug with selective 8,-adrener- 
gic blocking activity and selective partial 62-adrenergic 
agonism. Unlike the 8 blockers propranolol and meto- 
prolol, celiprolol has been shown to be a peripheral va- 
sodilator, and causes less reduction in cardiac output 
and heart rate at rest.*!? It is a long-acting drug that 
can be used once a day in the treatment of hyperten- 
sion.>:!3.14 

To ensure reproducibility and consistency of data in 
this study, we used a relatively narrow window of time 
to exercise-limiting angina (3 to 7.5 minutes) at base- 
line, which appeared to reduce variability in the results. 
This study demonstrated that once-daily celiprolol has 
comparable effects to therapeutic doses of propranolol 
in the treatment of patients with angina pectoris regard- 
ing the improvement of exercise tolerance time on the 
treadmill and the relief of anginal symptoms. Exercise 
time to 1-mm ST-segment depression was prolonged 
equally with both drugs. Propranolol was associated 
with a lower heart rate at rest than celiprolol. The rate- 
pressure product was significantly reduced by both 
drugs. Propranolol and celiprolol had similar effects on 
blood pressure. 

Celiprolol and propranolol were well tolerated in the 
study, with fewer episodes of severe bradycardia with 
celiprolol. 

Although its hemodynamic activity is different from 
that of propranolol, celiprolol in doses of 200 to 600 


mg/day is a safe and effective drug treatment for angi- 
na pectoris. The vasodilator activity of celiprolol could 
cause a lesser end-diastolic volume increment than is 
seen with the more bradycardic agent propranolol. This 
effect of celiprolol would tend to cause a lesser increase 
in wall tension and myocardial oxygen consumption, 
which could offset its lesser bradycardic action. Further 
studies of celiprolol’s effects on coronary vasculature 
may better elucidate any possible advantages of celipro- 
lol over propranolol and other 8 blockers without 63- 
agonist activity. 

Partial 8-adrenergic receptor agonism does not in- 
terfere with the therapeutic effectiveness of a 8 blocker 
used for the treatment of angina pectoris. This property 
in a 8 blocker may also provide a margin of safety for 
patients with unacceptably low heart rates while receiv- 
ing propranolol, and for patients with left ventricular 
dysfunction. The role of celiprolol in reducing the risk of 
morbidity and mortality in patients with myocardial in- 
farction remains to be determined. 
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Participating Investigators 


John Allen, MD, Cardiovascular Laboratory, White Me- 
morial Medical Center, Los Angeles, California; Neville Bittar, 
MD, Department of Cardiology, University of Wisconsin, 
Madison, Wisconsin; Fabio de Brito, MD, Procordis-Pronto 
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Effects of Atenolol Alone, Nifedipine Alone and 
Their Combination on Ambulant 
Myocardial Ischemia 


James A. Hill, MD, Jose |. Gonzalez, MD, Robert Kolb, RN, and Carl J. Pepine, MD 


The effects of atenolol (100 mg/day) and nifedipine 


(20 mg 3 times daily) and their combination on am- 
bulant myocardial ischemia were investigated using 
a randomized, double-blind, placebo-controlled, 
crossover trial. Eighteen men with symptomatic 
coronary artery disease, exercise-induced ischemia 
and minimal symptoms, underwent 4 blinded treat- 
ment periods of 2 weeks’ duration (2 placebo, 1 
atenolol, 1 nifedipine). Those that did not have 
ischemia eliminated by monotherapy received com- 
bination therapy with both drugs. Forty-eight-hour 
ambulatory electrocardiographic monitoring was 
used to quantitate ischemic parameters at the end 
of each period. Both nifedipine and atenolol as 
monotherapy reduced the number of ischemic epi- 
sodes and the average duration of each episode 
compared with placebo (p <0.05). Compared with 
placebo, nifedipine reduced the total duration of 
ischemia (p <0.05) but the effect of atenolol on 
ischemia duration was of borderline significance (p 
= 0.066). There were no differences in reduction of 
ischemic parameters when atenolol was compared 
with nifedipine (difference not significant). In the 9 
patients who continued to have ischemia with 
monotherapy, combination therapy eliminated it in 
2 and reduced the duration by >50% in the re- 
maining patients compared with placebo. In conclu- 
sion, monotherapy with nifedipine or atenolol is 
similarly effective in eliminating or reducing ambu- 
lant ischemia. Combination therapy can provide ad- 
ditional benefit in those with continued ischemia. 
(Am J Cardiol 1991;67:671-675) 
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valuation of myocardial ischemia has traditionally 
been based on determining the threshold of myo- 
cardial oxygen demand that causes demonstrable 
ischemia manifest as angina pectoris. Ambulatory elec- 
trocardiographic monitoring has enabled the identifica- 
tion of episodes of myocardial ischemia that are fre- 
quently not associated with chest pain or its equivalents 
and often occur at indexes of myocardial oxygen de- 
mand much lower than those achieved by the same pa- 
tient during exercise testing. Recent data suggest that 
when antianginal agents are given to provide what ap- 
pears to be good symptom control, a substantial num- 
ber of patients continue to have ambulant ischemia,!.? 
which has been associated with an adverse outcome.? 
These findings raise questions about medical therapy 
and its ability to prevent not only symptoms but also 
ischemia, and how antiischemic therapy should be used 
and monitored. We’ previously reported data using dose 
titration of the 6-blocking agent metoprolol in minimal- 
ly symptomatic patients with modification of ambulant 
ischemia as the end point of therapy. The purpose of the 
current study was to extend our observations on the 
modification of ischemia in minimally symptomatic pa- 
tients based on ischemia and not on symptoms. Because 
ambulant ischemia appears to occur by a mechanism 
not simply related to myocardial oxygen demand, it 
seems appropriate to examine the effects of medications 
that have potentially different actions on preventing 
ischemia. Accordingly, the effects of atenolol and nifed- 
ipine, alone and in combination, on ambulant myocardi- 
al ischemia were studied in a double-blind, randomized, 
placebo-controlled, crossover trial. 


METHODS 

This study was approved by the Institutional Review 
Board at the University of Florida and the Research 
Committee at the Gainesville Veterans Affairs Medical 
Center. All patients gave informed consent for partici- 
pation. The protocol design was conceived by the inves- 
tigators, and data analyses were performed indepen- 
dently by both ICI Pharmaceuticals and the investi- 
gators. 

Patients: To be entered into the study, patients had 
to have a history of typical anginal chest pain and coro- 
nary angiograms demonstrating significant coronary ar- 
tery disease (coronary stenosis 250% diameter narrow- 
ing). Alternatively, if coronary angiography was not 
performed, a redistribution defect on stress thallium- 
201 scan in the presence of typical angina and ischemic 
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ST-segment changes were considered criteria for both 
coronary artery disease and ischemia. In addition, all 
patients had a treadmill exercise test response consid- 
ered typical for transient myocardial ischemia (21 mm 
horizontal ST-segment depression) without symptoms 
using a modified Bruce protocol within 6 months of 
study entry. Patients were required to be only minimally 
symptomatic (Canadian Cardiovascular Society class 1 
or 2). Patients were excluded if they had recent myocar- 
dial infarction (<1 month), uncontrolled hypertension, 
an electrocardiographic abnormality or other conditions 
(e.g. drugs) that would render the ambulatory electro- 
cardiogram ST-segment monitor uninterpretable, severe 
congestive heart failure, known hypersensitivity to ei- 
ther study medication or standard contraindications to 
B-blocker therapy, or were taking calcium antagonists 
or 6 blockers. 

Study design (Figure 1): The study design was a 
double-blind, crossover, comparison trial of atenolol and 
nifedipine. In addition, the combination of these 2 drugs 
was administered in a single blind fashion to patients 
refractory to monotherapy. 

At the beginning of the study, all antianginal medi- 
cation was discontinued except sublingual nitroglycerin 
for relief of angina. Patients were then entered into a 2- 
week, single-blind, placebo run-in period, at the end of 
which 48-hour ambulatory electrocardiographic moni- 
toring was performed. To qualify for continuing in the 
study, patients were required to have either >5 ischemic 
episodes or a total duration of ischemia of >5 minutes 
during the 48-hour monitoring period. 

After the placebo run-in period, qualifying patients 
entered the first 2-week, double-blind, active treatment 
period. Patients were randomly assigned to receive ei- 
ther atenolol, 100 mg once each day, or nifedipine, 20 
mg 3 times daily, and the corresponding placebo. If lim- 
iting side effects occurred after active treatment was ini- 
tiated, the dosage could be decreased to 50 and 30 mg/ 
day, respectively. After the first active treatment period, 
patients entered a second 2-week, single-blind, placebo 
period. This second placebo treatment period was per- 
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formed to assess for possible spontaneous improvement 
or worsening of the ischemic variables as a confounding 
factor. After this second placebo period, patients were 
crossed over to the alternate active therapy and corre- 
sponding placebo and this therapy was continued for 2 
weeks. If asymptomatic ischemia was not eliminated 
during therapy with either active treatment, patients re- 
ceived combination therapy with both agents at the 
same dose used during the monotherapy treatment peri- 
ods for an additional 2 weeks. 

Ambulatory electrocardiographic monitoring was 
performed during the last 2 days of each study period. 
These days were chosen to eliminate any possible carry- 
over effect from the prior treatment period. Total study 
duration was 8 to 10 weeks. 

Ambulatory monitoring: Ambulatory electrocardio- 
graphic monitoring was performed using Oxford FM 
ambulatory monitors (model 3500). A 2-lead system 
was used that reflected a modified lead Vs and lead III. 
At the time of hook-up, patients were tested using vari- 
ous maneuvers to assess postural and hyperventilation- 
induced electrocardiographic abnormalities that would 
affect the specificity of any ST changes noted. Patients 
were asked to keep a diary detailing occurrence of angi- 
na, nitroglycerin consumption, various daily activities 
and emotional changes. Angina was scored on a scale of 
4 to 4 (mild tightness to worst pain ever experienced). 

An episode of ischemia was defined as horizontal or 
downsloping ST-segment depression of 21 mm lasting 
for at least 1 minute in either lead. Each episode of 
ischemia was separated from other episodes of ischemia 
by a period when the ST segment returned to baseline 
for at least 1 minute. All recordings were analyzed at 
the study site by an experienced technician and at least 
1 physician investigator. 

As a simple measure of variability during a 24-hour 
period, ischemic parameters were summed into four 6- 
hour periods, 0600 to 1200, 1200 to 1800, 1800 to 2400, 
and 2400 to 0600 hours. 

Statistical analysis: Only patients who had data 
available from both active treatment phases were in- 
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TABLE Il Treatment Efficacy During Monotherapy 
Placebo 1 


10+2 
2245 


No. of episodes 

Average duration 
of episode (min) 

Total duration of ischemia 
(min /48 hours) 


245 + 69 


* p <0.05 compared with placebo. 
All data are mean + standard error of the mean. 


Nifedipine 


6+2* 
12+3* 


1344 51* 


Atenolol Placebo 2 


10+3 
25+ 11 


251 +105 


Difference not significant for all variables, nifedipine compared with atenolol and placebo 1 compared with placebo 2. 





cluded in the statistical analysis. Analysis of baseline 
differences between the 2 treatment sequence groups 
was made using 2-sample ¢ tests for continuous mea- 
sures and exact probability tests for discrete measures. 
A crossover analysis of covariance was used to evaluate 
the effects of period and treatment for the ischemic epi- 
sode-derived variables. Total ischemic episodes and du- 
ration for the 6-hour time periods were compared using 
an analysis of variance for repeated measures. All data 
are reported as mean + standard error of the mean. 
Statistical significance was defined as p $0.05. 


RESULTS 

Patient group: Thirty-nine patients were entered 
into the first placebo period. Twenty had sufficient isch- 
emia on ambulatory monitoring to qualify and 18 pa- 
tients completed the study according to protocol. The 
other 2 patients elected to withdraw from the study af- 
ter the placebo run-in period because they did not want 
to repeat 48 hours of continuous electrocardiographic 
monitoring and not because of any treatment. All sub- 
jects were men (mean age + standard deviation was 
63.4 + 8.6 years [range 43 to 76]). Seventeen of the 18 
underwent coronary angiography which revealed severe 
coronary artery disease. The other patient (no. 2) had a 


history of typical angina and a thallium exercise test 
with a redistribution defect in the inferior wall accom- 
panied by ST-segment depression. Patient 18 was the 
only other subject who underwent a thallium exercise 
test, which revealed a reversible defect corresponding to 
his coronary anatomy. Other pertinent details regarding 
the patients are summarized in Table I. 

Adverse experiences: Seven patients had an adverse 
effect with nifedipine, 4 with atenolol and 1 with combi- 
nation therapy. Only 1 of the patients experiencing ad- 
verse effects during combination therapy had the dose 
reduced as a result. All of the other adverse effects were 
considered minor and either resolved with further treat- 
ment or were easily tolerated. 

Treatment efficacy: MONOTHERAPY: Data from the 
placebo and monotherapy periods for the 18 patients 
who completed all study phases are summarized in Ta- 
ble II. Eight patients were randomized to receive ateno- 
lol first and the other 10 to receive nifedipine during the 
first treatment period. There were no differences in re- 
sponse to therapy related to the order of therapy in 
number of ischemic episodes, total duration of ischemia, 
or average duration of each ischemic episode. When 
atenolol was compared with nifedipine, both agents 
were associated with similar reductions in number of 
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TABLE Il Ischemic Parameters by Time of Day 


Placebol Nifedipine Atenolol 











Ischemic episodes 


0600-1200 4407 2+0.7* 04+0.1*f 
1200-1800 340.5 2+0.5 1+0.4* 
1800-2400 3407 1+0.4* 2+0.7 
2400-0600 1404 0440.2 1+0.4 













Ischemic duration (min) 


0600-1200 97 +26 42+15* 11+8* 
1200-1800 50+ 21 60+ 24 19+8 
1800-2400 74425 31+417* 45415 
2400-0600 23412 9&6 25421 









* p <0.05 versus placebo; ' p <0.05 versus nifedipine. 


ischemic episodes, total duration of ischemia and aver- 
age episode duration. Compared with the initial placebo 
period, nifedipine was associated with reductions in the 
number of episodes, the total duration of ischemia and 
average episode duration. Similar results occurred when 
atenolol was compared with the initial placebo period; 
there were reductions in the number of episodes and 
average episode duration, but the reduction in total du- 
ration of ischemia during atenolol compared with place- 
bo was of borderline significance (p = 0.066). 

Individual responses to therapy were variable (Fig- 
ure 2). No patient responded completely to both nifedi- 
pine and atenolol when they were used as separate 
monotherapy. Compared with the initial placebo period, 
during nifedipine therapy, 12 of 18 patients (67%) had 
>50% reduction or complete elimination of ischemic 
episodes and duration of ischemia. Similarly, during 
atenolol therapy, 12 of 18 patients (67%) had 250% 
reduction or complete elimination of ischemic episodes 
and 15 of 18 patients (83%) had 250% reduction in 
ischemia duration. Some patients (4 taking nifedipine 
and 3 taking atenolol) had more ischemia with drug 
therapy. Excessive changes in heart rate and blood pres- 
sure were not noted during visits in patients experienc- 
ing increases in ischemia, making major changes in oxy- 
gen requirements unlikely as a potential cause. 
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Combination therapy: Of the 18 patients who com- 
pleted the 2 monotherapy phases, only 8 responded to 
either atenolol or nifedipine alone with complete relief 
of ambulant ischemia. One of the other 10 patients had 
complete disappearance of asymptomatic ischemia but 
had 1 episode of symptomatic ischemia during atenolol 
therapy and therefore was not entered into the combina- 
tion therapy phase. The other 9 continued into the com- 
bination therapy phase. In these 9, all ischemic episodes 
were eliminated by combined therapy in 2; 5 others had 
50% reduction in number of episodes, 1 had <50% re- 
duction and 1 had no change. However, in all 7 patients 
who did not have complete relief with combination ther- 
apy, the duration of ischemia was reduced 250%. 

The characteristics of the ischemia at baseline in pa- 
tients who responded to monotherapy were compared 
with those of patients who did not respond. In the re- 
sponder group, during the baseline placebo period, the 
number of episodes was 7.7 + 1.7, the total duration of 
ischemia was 159 + 76 minutes, and the average epi- 
sode duration was 14.9 + 4.8 minutes. In the nonre- 
sponder group, during the baseline placebo period, the 
number of episodes was 12.6 + 3.4, the total duration of 
ischemia was 346 + 112 minutes, and the average epi- 
sode duration was 32 + 9.4 minutes. When comparing 
the groups in terms of these characteristics there were 
no statistically significant differences despite obvious 
trends. 

Circadian variation: Data from the four 6-hour peri- 
ods are listed in Table III. There were some minor dif- 
ferences noted but because of the small numbers in- 
volved, hourly variability and definite conclusions re- 
garding circadian variability cannot be made. 


DISCUSSION 

Results of the current study suggest that in a group 
of minimally symptomatic men with ischemia during 
normal activities, either atenolol or nifedipine may be 
effective therapy compared with placebo, but neither is 
necessarily superior and ischemia may actually increase 
with either therapy. Also, in patients for whom mono- 
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to nifedipine and are shown, 


therapy is ineffective in eliminating ambulant ischemia, 
combination therapy may prove useful. Despite a trend 
toward more ischemia in the nonresponders, there were 
no characteristics of the ischemia at baseline that pre- 
dicted a good response to either monotherapy or the 
need for combination therapy. Although this has not 
been previously reported, definitive determination of 
such characteristics would require a larger sample size. 

Other investigators have evaluated the use of both 8 
blockers and calcium antagonists alone for the treat- 
ment of myocardial ischemia. Quyyumi et al? evaluated 
the response to atenolol and nifedipine in 9 patients with 
ischemic ST depression on the ambulatory electrocar- 
diogram. They administered the same doses of nifedi- 
pine and atenolol as in the current study but their pa- 
tient population was very symptomatic both during ex- 
ercise and angina at rest. During atenolol treatment, 3 
patients had no ischemia and the group as a whole had 
significantly less ischemia with atenolol than with nifed- 
ipine. Contrary to the current study results, no patient’s 
condition was worse with monotherapy than with no 
therapy. Mulcahy et al,’ extending these observations 
and including some of the data of Quyyumi, reported 
the responses of 53 patients to treatment with nifedi- 
pine, atenolol or the combination on transient ischemia. 
Atenolol was associated with a significant reduction in 
both frequency and duration of ischemia, whereas ni- 
fedipine had little effect. In this report, other than group 
data, few comparisons can be made because the specific 
circumstances of therapy, patient population studied 
and other details are not clear. 

Others have reported the effects of combination 
therapy on ischemic parameters. Egstrup® evaluated the 
response of ischemic parameters in 42 patients with 
chronic stable angina to nifedipine, metoprolol and their 
combination in a parallel design. Metoprolol was found 
to decrease total ischemic episodes 55% and duration of 
ischemia 51%, whereas nifedipine showed no change in 
either parameter. Combination therapy also reduced the 
number of ischemic episodes as well as the duration of 
ischemia significantly better than nifedipine but no bet- 
ter than metoprolol monotherapy. Moreover, there was 
a small (17%) increase in asymptomatic ischemic epi- 
sodes with nifedipine. 

We found that with both therapies ambulant isch- 
emia may increase, which has been reported previously 
but not emphasized. Dihydropyridine calcium antago- 
nists have been previously reported to provoke transient 
myocardial ischemia,’ but whether an actual “proisch- 
emic effect” occurs with either drug cannot be deter- 
mined. Cohn et alë investigated the effect of added ni- 
fedipine, and found that a 23% reduction in ischemic 





episodes occurred in the group as a whole but 43 of 136 
(32%) had more episodes, whereas 75 of 136 (55%) had 
a reduction. This again suggests that the general trend 
is for improvement in ischemia with nifedipine but that 
there is considerable individual variability. 

Study limitations: There are several important limi- 
tations in the current study that deserve comment. First, 
a small number of highly selected patients were studied 
over a relatively short time period. The crossover design 
makes conclusions more valid in a small group but long- 
term effects cannot be determined. Second, all the sub- 
jects were men. Third, there was considerable variabili- 
ty among patients in terms of amount and duration of 
ischemia. However, this does reflect the characteristics 
of the population with ambulatory ischemia and those 
at risk for adverse events.!? Fourth, to simplify the 
study design, only fixed doses of the study drugs were 
given and no attempt was made to titrate to maximal 
effect. Finally, we cannot be sure that spontaneous vari- 
ability in ambulant ischemia did not contribute to some 
of the presumed treatment effect. However, the similar- 
ity of the 2 placebo periods and the lack of order effect 
on ischemia make this possibility less likely. 
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Spontaneous Myocardial Ischemia and the 
Signal-Averaged Electrocardiogram 


Gioia Turitto, MD, Edward B. Caref, MA, Egidio Zanchi, MD, Fabio Menghini, MD, 
George Kelen, MD, and Nabil El-Sherif, MD 


The effects of transient myocardial ischemia on the 
signal-averaged electrocardiogram were investi- 
gated in 13 patients with coronary artery disease 
and spontaneous angina undergoing 3-channel am- 
bulatory electrocardiography. Ischemia was seen 
as ST elevation in 2 patients or ST depression in 
11; it was anterior in 5 patients, inferior in 4 and 
undefined in 4. Signal-averaged electrocardiograms 
with noise levels <1 „V were obtained from Holter 
tapes during 54 of 61 ischemic attacks recorded in 
the study group (88%), and compared with 54 
tracings recorded within 60 minutes of the index 
attacks. Baseline tracings were normal in 8 pa- 
tients (62%), showed a long QRS duration in 2 
(15%), and both a long QRS duration and a late po- 
tential in the remaining 3 (23%). Comparison of re- 
cordings at baseline and during ischemic attacks 
revealed no significant changes in signal-averaged 
electrocardiographic parameters. Absence of sig- 
nificant differences was also noted when analysis 
was performed according to the type of ischemic 
attacks (associated with ST elevation [n = 14] or 
ST depression [n = 40)), their location (anterior [n 
= 21] or inferior [n = 23]), their duration (>10 min- 
utes [n = 29] or <10 minutes [n = 25]), and their 
magnitude (>2 mm [n = 18] or <2 mm [n = 36)). It 
is concluded that spontaneous transient myocardial 
ischemia, independent of its type, location, duration 
and magnitude, does not generate a substrate for 
late potentials on the signal-averaged electrocar- 
diogram. 

(Am J Cardiol 1991;67:676-680) 
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potentials, usually referred to as late potentials, 

were initially observed on epicardial recordings 
during experimental myocardial ischemia and infarction 
and were subsequently documented on body surface sig- 
nal-averaged electrocardiograms from the laboratory 
animal as well as in the clinical setting.!~> The ability to 
reliably record and analyze late potentials from Holter 
tapes has recently been reported.° In the present study, 
the technique of signal-averaging from Holter tapes was 
used to investigate if transient myocardial ischemia re- 
sulted in any significant changes in signal-averaged 
electrocardiographic variables in a group of patients 
with coronary artery disease and spontaneous angina. 
Preliminary data have been published.’ 


Dre and fractionated ventricular activation 


METHODS 

Patients: Candidates for this study were all patients 
hospitalized with spontaneous angina who underwent a 
24-hour ambulatory electrocardiogram in the absence 
of any therapy except sublingual nitrates if needed. The 
study group included 13 patients who, in the course of 
their admission, met the following criteria: (1) presence 
of =1 transient myocardial ischemic attack during the 
ambulatory electrocardiogram; (2) absence of acute 
(<1 week) myocardial infarction, left ventricular aneu- 
rysm, acute or chronic heart failure, life-threatening ar- 
rhythmias, electrolyte imbalance, recent antiarrhythmic 
or -blocker therapy; (3) QRS duration <120 ms with- 
out bundle branch block or QT prolongation on the 12- 
lead electrocardiogram; (4) documentation of coronary 
artery disease by angiographic studies (6 patients), his- 
tory and electrocardiographic criteria of prior myocar- 
dial infarction (1 patient), or both (6 patients). Sponta- 
neous angina was present in all patients and was associ- 
ated with exertional angina in 11. 

Ambulatory electrocardiogram: Three-channel am- 
bulatory electrocardiograms were recorded with Del 
Mar Avionics portable units (model 459) and analyzed 
with a Del Mar Avionics replay unit (model 750A) 
equipped with the Micropotential Analyzer option. The 
recorder had a flat frequency response of 0.1 to 100 Hz 
+ 3 dB and provided a 1-mV calibration pulse for about 
6 minutes at the beginning of each tape, which was used 
to calibrate the scanner. Patients were instructed to 
press an “event button” on the recorder in case of chest 
pain in order to distinguish symptomatic from silent 
ischemic attacks. Three bipolar leads were used: X lead, 
with the positive and negative electrodes located, respec- 
tively, on the left and right fourth intercostal spaces on 
the midaxillary line, resembling Holter lead CCS (“lat- 


TABLE I Clinical, Electrocardiographic and Angiographic Variables in 13 Patients with Transient Myocardial Ischemic Attacks 


During Ambulatory Electrocardiography 


Diagnosis 
During 
Ischemia 





1 
2 
3 
4 
5 
6 
7 
8 
9 
o 
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= E E E i A E E A A 


z 


ST Changes 


Coronary Angiographic Data 
(% Stenosis) 


LM LAD Grafts 


o8c000000000 


50 (LIMA 
to LAD) 

50 (SVG 
to LAD) 


Ņ 
© 


A = anterior; | = inferior; L = lateral; LAD = left anterior descending coronary artery; LC = left circumflex artery; LIMA = left internal mammary artery; LM = left main trunk; M = 
mixed (spontaneous and exertional); MI = myocardial infarction; S = spontaneous; Right = right coronary artery; SVG = saphenous vein graft; X, Y and Z = ambulatory 


electrocardiogram leads; 0 = absent; — = not determined; t = elevation; | = depression. 


eral” lead); Y lead, with the positive and negative elec- 
trodes applied, respectively, at the V3 position and on 
the manubrium sterni, resembling Holter lead CM3 
(“anterior” lead); Z lead, with the positive and negative 
electrodes applied, respectively, on the sacrum and the 
manubrium sterni, resembling Holter lead A (“inferior” 
lead). This configuration represented a modification of 
the orthogonal system originally described by Simson‘ 
and was selected to maximize the detection and analysis 
of transient myocardial ischemic attacks. ST changes 
were identified by examining (1) the oscilloscopic replay 
of the tracing scanned at 120 times real-time; (2) the 
plots of the ST level and heart rate obtained from all 3 
channels; (3) the transcription at a paper speed of 25 
mm/s of all parts of the recording judged to be consis- 
tent with myocardial ischemia on the basis of the high- 
speed analysis and the ST level printouts. Ischemic at- 
tacks were defined as any episode of transient ST eleva- 
tion or depression >1 mm from baseline or from the 
control level if resting ST-T abnormalities were present, 
having gradual onset and resolution, and lasting >1 
minute. 

Signal-averaged electrocardiogram: Analog signals 
from the tapes were subjected to digital conversion dur- 
ing high-speed scanning at 120 times real-time, with a 
12-bit resolution and at a sampling rate of 694 Hz 
(real-time equivalent) /channel.° Signals were amplified, 
averaged and filtered with a bidirectional filter at 25 
Hz. The filtered leads were then combined into a vector 
magnitude ,/X? + Y? + Z? and the QRS onset and 
offset were determined by computer algorithm. The 
QRS duration and root-mean-square voltage of the sig- 
nals in the last 40 ms of QRS (RMS40) were calculat- 
ed. The duration of low-amplitude signals (<40 uV) 
was also measured but not used for analysis. An abnor- 
mal signal-averaged electrocardiogram was defined as 
a recording showing a QRS duration >115 ms, an 
RMS40 <25 uV, or both.! Late potentials were de- 





fined as signals with abnormal RMS40.5 Signal-aver- 
aged electrocardiograms were obtained during all isch- 
emic attacks. Acquisition of data began after ST 
changes were =1 mm, included the peak of ischemic 
attacks, i.e., the maximum degree of ST elevation or 
depression, and terminated at the onset of the resolution 
of ST changes. Baseline signal-averaged electrocardio- 
grams were obtained within 60 minutes of each isch- 
emic attack, at least 20 minutes before the onset or af- 
ter the resolution of ST changes. Recordings were ac- 
cepted for analysis if they showed a noise level <1 gV. 

Statistical analysis: Values of the signal-averaged 
electrocardiographic parameters on recordings per- 
formed at baseline and during ischemic attacks were 
compared using the analysis of variance and Student’s t 
test for paired data. A p value <0.05 was considered 
statistically significant. All variables were expressed as 
mean + standard deviation. 


RESULTS 

The clinical, electrocardiographic and angiographic 
characteristics of the 13 study patients are listed in Ta- 
ble I. During the ambulatory electrocardiogram, isch- 
emic ST changes appeared on the anterior lead in 5 
patients and were concordant with angiographic find- 
ings, since these patients had a significant (>50%) ste- 
nosis of the left anterior descending coronary artery 
alone or in combination with an occlusion of the right 
coronary artery and previous inferior myocardial infarc- 
tion. Ischemic ST changes appeared on the inferior lead 
in 4 patients and were also concordant with angiograph- 
ic findings, since these patients had an isolated signifi- 
cant stenosis of the right coronary artery (n = 3) or the 
left circumflex artery (n = 1). The location of ischemia 
could not be determined in the remaining 4 patients be- 
cause of the presence of diffuse ST changes or severe 
coronary artery disease, or the absence of angiographic 
data. 
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TABLE Il Values of Signal-Averaged Electrocardiographic 
Parameters at Baseline and During Transient Myocardial 
Ischemic Attacks Analyzed According to Their Type, Location, 
Duration and Magnitude 


QRSD (ms) RMS40 (uV) 


Baseline Ischemia Baseline Ischemia 


1154 16 
1134+19 
113+18 
115417 
114416 
114419 


116418 45429 38433 
114417 40428 42+27 
113417 43431 44431 
116418 38426 38+27 
114418 39432 40+30 
114417 42427 41+27 


ST elevation (n = 14) 
ST depression (n = 40) 
Anterior (n = 21) 
Inferior (n = 23) 
Long (>10 minutes) (n = 29) 
Brief (<10 minutes) (n = 25) 
Severe(>2 mm) (n = 18) 113417 114417 44431 39+30 
Mild (<2 mm) (n = 36) 114417 114417 41428 43429 
All values are mean + standard deviation. All differences were statistically not 
significant. 
QRSD = high-frequency QRS duration; RMS40 = root-mean-square voltage of last 
40 ms of QRS. 


Ambulatory electrocardiogram: A total of 61 tran- 
sient myocardial ischemic attacks was recorded (range, 
1 to 9 per patient). Among the 61 ischemic attacks, 43 
(70%) were silent and 18 were symptomatic. Transient 
ischemia manifested as ST elevation in 2 patients and as 
ST depression in 11 patients. No patients developed 
ventricular tachyarrhythmias (23 ventricular prema- 
ture complexes at a rate of >100 beats/min) related to 
ischemic attacks. 

Signal-averaged electrocardiogram: Baseline signal- 
averaged electrocardiograms were abnormal in 5 of the 
13 study patients (38%). A prolonged QRS duration 
was seen in 2 patients (15%), and both a prolonged 
QRS duration and a late potential in 3 patients (23%). 
Recordings with a noise level <1 nV could be obtained 
during 54 of 61 ischemic attacks (88%); the characteris- 
tics of these ischemic attacks are listed in Table II. 
These 54 recordings were matched for comparison with 
54 tracings obtained within 60 minutes of the index 
ischemic attacks. QRS duration and RMS40 were simi- 
lar at baseline and during ischemia (114 + 18 vs 114 + 
17 ms and 41 + 29 vs 41 + 29 uV, respectively; differ- 
ence not significant). Noise level and the number of av- 
eraged beats were also similar at baseline and during 
ischemia (0.8 + 0.2 vs 0.9 + 0.3 uV and 434 + 119 vs 
415 + 112 beats, respectively; difference not signifi- 
cant). Data were analyzed separately according to the 
type of ischemic attacks, their location, their duration 
and their magnitude. None of these comparisons re- 
vealed any significant differences regarding QRS dura- 
tion and RMS40 between baseline tracings and those 
obtained during ischemia (Table II). All normal re- 
cordings at baseline remained normal during ischemia, 
whereas all recordings with abnormal QRS duration or 
RMS40 at baseline were also abnormal during transient 
myocardial ischemia. Figures 1 and 2 show examples of 
signal-averaged recordings before and during transient 
myocardial ischemia. The latter was evident as ST ele- 
vation in Figure 1 and ST depression in Figure 2. The 
occurrence of ischemia did not result in any significant 
changes in the signal-averaged electrocardiographic pa- 
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FIGURE 1. Signal-averaged electrocardiograms obtained from 
Holter tapes in patient 6 at baseline and during transient myo- 
cardial ischemia. The latter appears as ST elevation on the Z 
lead of the 3-channel real-time tracing. Signal-averaged elec- 
trocardiographic parameters are normal at baseline and do 
not show any significant changes during ischemia. LAS = du- 
ration of low-amplitude signals <40 4V; QRSD = high-fre- 
quency QRS duration; RMS40 = root-mean-square voltage of 
last 40 ms of QRS. 


rameters: They were constantly normal in Figure 1 and 
abnormal in Figure 2. 


DISCUSSION 

Present study: This study documented the feasibil- 
ity of obtaining signal-averaged electrocardiograms dur- 
ing episodes of spontaneous transient myocardial isch- 
emia recorded on 3-channel Holter tapes. Our data 
showed no changes in signal-averaged electrocardio- 
graphic parameters between recordings at baseline and 
during transient myocardial ischemia. An analysis per- 
formed according to the characteristics of ischemia 
(type, location, duration and magnitude) did not change 
these results: ischemia did not lead to the onset of late 
potentials, even when it was prolonged and severe. 

Previous studies: The effects of transient myocardi- 
al ischemia on the signal-averaged electrocardiogran 


were the objective of a small number of investiga- 
tions.!!-13 They focused on ischemia observed during 
percutaneous transluminal angioplasty,'! dipyridamole 
test!? or exercise test.!3 In a study of Abboud et al,!! a 
single surface electrocardiographic lead (V;) was used 
to compute the RMS voltage of the QRS at a filter 
setting of 150 to 250 Hz. Ischemia due to angioplasty 
balloon inflation was reported to cause a significant de- 
crease in the calculated RMS voltage of QRS, as well 
as the appearance of zones of reduced amplitude in the 
midportion of QRS. The significance of these findings is 
uncertain, since they were based on techniques for re- 
cording and analyzing the signal-averaged electrocar- 
diogram which were at variance with those used in most 
recent reports.>!°!2-!5 In the studies of Turitto!? and 
Caref!? and their co-workers, serial signal-averaged 
electrocardiograms were recorded before and during 
transient myocardial ischemia induced by dipyridamole 
infusion! or by exercise!? in patients with documented 
coronary artery disease and angina. Ischemia did not 
significantly affect the signal-averaged electrocardio- 
gram: Late potentials failed to appear on tracings ob- 
tained during positive dipyridamole or exercise tests. 
This was independent of the type of ischemia (with ST 
elevation'? or ST depression'*!3), the presence of ab- 
normal signal-averaged parameters at baseline,!:!3 the 
presence and site of previous myocardial infarction,!3 
and the presence of ventricular arrhythmias during isch- 
emia.'? On the other hand, some differences between 
both these reports and the present study must be consid- 
ered. Induced ischemia was usually brief and relieved 
by drugs! or termination of exercise,'3 whereas sponta- 
neous ischemia may considerably vary in duration. 
There may be different pathogenetic mechanisms for 
provoked and spontaneous ischemia.!6!7 

Study limitations: The technique of signal-averaging 
from Holter tapes has inherent problems. Noise levels 
may be significantly higher than those seen with con- 
ventional recording systems; in fact, the mean number 
of beats required in our study to obtain noise levels <1 
uV was >400, an amount that was shown to be associ- 
ated with noise levels of 0.3 to 0.5 uV on conventional 
recordings.'*:!> The inability to achieve low noise levels 
led to the loss of 12% of our sample of ischemic attacks. 
Differences in the frequency band width between the 
conventional and Holter instrumentation result in a ten- 
dency toward an increase in QRS duration and a de- 
crease in RMS40 voltage on signal-averaged tracings 
from Holter tapes. This issue is not relevant to our 
study, because each patient represented his own “con- 
trol.” Finally, late potentials may vary in timing and 
duration and may not be amenable to time-domain sig- 
nal-averaging, whereas they may be best studied on 
beat-to-beat recordings.!8.!9 

Despite these limitations, the present study offered 
evidence that spontaneous transient myocardial isch- 
emia does not affect the signal-averaged electrocardio- 
gram. This confirmed observations relative to laborato- 
ry settings!>!3 and suggests that the electrophysiologic 
changes associated with ischemia do not represent a 
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substrate for late potentials on the signal-averaged elec- 
trocardiogram. 
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Right Ventricular Systolic Function During 
Exercise With and Without Significant 
Coronary Artery Disease 


J. Thomas Heywood, MD, Joerg Grimm, PhD, Otto M. Hess, MD, Markus Jakob, 
and Hans P. Krayenbuehl, MD 


To evaluate the effects of exercise and coronary ar- 


tery disease on right ventricular (RV) systolic func- 
tion, rest and exercise biplane RV angiograms 
were recorded in 20 patients undergoing diagnostic 
cardiac catheterization. Thirteen patients had exer- 
cise angiograms of sufficient quality to undergo 
analysis and were classified into 2 groups. Group 1 
had no or only mild coronary artery disease; group 
2 had significant coronary artery disease as mani- 
fested by new, exercise-induced, left ventricular re- 
gional wall motion abnormalities. RV systolic pres- 
sure increased in both groups during exercise: 33 
to 57 mm Hg in group 1 (p = 0.0002) and 33 to 55 
mm Hg in group 2 (p = 0.0004). Pulmonary resis- 
tance did not change in group 1 during exercise but 
increased in group 2 (3.2 to 4.8 Wood units, p = 
0.04). RV ejection fraction increased slightly, but 
not significantly, during exercise in group 1, but 
decreased in group 2 (73 vs 58% with exercise [p 
= 0.01]). The change in RV ejection fraction from 
rest to exercise correlated closely with the change 
in pulmonary resistance from rest to exercise (r = 
—0.89, p <0.0001). RV regional wall motion analy- 
sis demonstrated a generalized decline in regional 
ejection fraction in group 2 during exercise, even in 
patients without right coronary artery disease. In 
conclusion, there is a decline in RV ejection fraction 
during exercise in patients with significant coro- 
nary artery disease. The generalized reduction in 
regional RV ejection fraction coupled with the close 
correlation with the change in pulmonary resis- 
tance suggests that increased afterload, rather 
than RV ischemia, is the cause. 

(Am J Cardiol 1991;67:681-686) 
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object of intense study for decades. Right ven- 

tricular (RV) function during exercise has also 
been evaluated, although to a lesser extent.!-? Frequent- 
ly, these investigations have reported the hemodynamic 
response to exercise or RV volumetric changes as as- 
sessed by radionuclide techniques.4~° Angiographic RV 
evaluation during exercise has been infrequent.’* Be- 
cause contrast angiography remains the “gold stan- 
dard” for ventricular volumetric analysis,®!° we studied 
the RV systolic response to exercise as evaluated with 
biplane angiography. 


T he left ventricular response to exercise has been the 


METHODS 

Patients: Twenty men underwent right- and left-sid- 
ed diagnostic cardiac catheterization with biplane right 
ventriculography at rest and during supine bicycle exer- 
cise. Seven patients were excluded from analysis be- 
cause of poor ventricular opacification during exercise, 
frequent ventricular premature complexes, unsuspected 
noncoronary heart disease, or prior coronary artery by- 
pass surgery. The 13 remaining patients are the subject 
of this report. The patients were subdivided according to 
coronary anatomy and left ventricular regional wall mo- 
tion analysis. Six patients (group 1, mean age + stan- 
dard deviation 52 + 6 years) had no or only functional- 
ly mild coronary artery disease (2 with no coronary dis- 
ease, 2 with <50% stenoses in major coronary branches, 
and 2 with occlusions of small diagonal or obtuse mar- 
ginal branches but no disease in the major coronary ves- 
sels). None of these patients had significant LV regional 
wall motion abnormalities with exercise (Table I). 

Seven patients (group 2, mean age 52 + 8 years) 
had significant coronary artery disease, defined as 
270% narrowing in a major coronary branch (3 had 1- 
vessel, 2 had 2-vessel and 2 had 3-vessel disease). Addi- 
tionally, 6 of the 7 patients in group 2 had a prior myo- 
cardial infarction (3 with inferior, 2 with anterior, and 1 
patient with both inferior and anterior infarctions). All 
patients in group 2 had new or worsening LV wall mo- 
tion abnormalities with exercise (Table I). 

Cardiac catheterization: All patients gave informed 
consent and the Institutional Review Committee for 
Human Research approved the exercise portion of the 
protocol. Cardiovascular medications were withheld, ex- 
cept for sublingual nitroglycerin, 12 to 24 hours before 
the investigation. One hour before catheterization, 10 
mg of oral chlordiazepoxide was given to the patients 
for sedation. All catheters were introduced transfemo- 
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TABLE | Regional Left Ventricular Wall Motion Analysis (Right 
Anterior Oblique Projection) Change in Regional Ejection 
Fraction from Rest to Exercise 


Post. Ant. Ant. 
Basal Diaphrag. Apical Lat. Basal 


Group 1 10.0 12.8 


Group 2 —4.0 -0.5 


Regional ejection fraction for 5 sectors of the right anterior oblique left ventriculo- 
gram were calculated at rest and for exercise. The data represent the difference 


(exercise-rest) in ejection fraction (%) for each sector. 
Ant. = anterior; Diaphrag. = diaphragmatic; Lat. = lateral; Post. = posterior. 


rally. RV pressures were measured with an 8Fr Millar 
micromanometer pigtail catheter calibrated against a 
fluid-filled system. Simultaneous left ventricular pres- 
sure was obtained from a standard pigtail angiographic 
catheter. These pressures were recorded (Electronics for 
Medicine VR 16) at a paper speed of 250 mm/s. A 
simultaneous electrocardiogram, right and left ventricu- 
lar pressures and an intracavitary RV phonocardiogram 
were transcribed. 

Biplane right ventriculograms were filmed in the 30° 
right anterior oblique and 60° left anterior oblique pro- 
jections at 50 frames/s. Fifty ml of iopamidol (Iopa- 
miro®), a nonionic contrast medium, was injected at a 
rate of 12 ml/s. A nonionic contrast agent was chosen 
so that repeat ventriculography would not unduly affect 
RV hemodynamics.'! Filming was continued to obtain a 
levophase left ventriculogram. Cine frames were num- 
bered, with corresponding cine markers on the pressure 
tracing. 

Routine left ventriculography and coronary angiog- 
raphy were performed before right ventriculography in 
order to select patients appropriate for the study as well 
as to exclude patients with severe or unstable lesions 
from a prolonged investigation. 

Exercise protocol: Standard bicycle exercise ergom- 
etry was performed in all patients before catheterization 
to determine exercise tolerance and angina threshold. 
During catheterization the patients’ feet were elevated 
and strapped to the pedals of a bicycle ergometer on the 
catheterization table. All pressures and volumes at rest 
and during exercise were thus obtained with the legs in 
the elevated position. There was a 12-minute waiting 
period between the resting angiogram and the initiation 
of exercise. Exercise consisted of 2 exercise periods of 2 
minutes beginning at 50 to 80 W (mean 68) and con- 
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tinuing at 70 to 150 W (mean 93). These exercise steps 
were chosen according to the prior exercise test. At the 
end of the second period RV angiography was immedi- 
ately performed. Seventy ml of contrast material was 
injected at a rate of 14 to 16 ml/s for the exercise ven- 
triculogram. 

Right ventricular volume analysis: To determine 
RV volume angiographically, 15 acrylic radiopaque 
casts of canine and human right ventricles were con- 
structed. The water displacement volume of these casts 
were paired with their angiographically derived volume 
using Simpson’s method. A regression equation from 
this comparison (volumecorr(mi) = 0.77-angiographicyo — 
12) was then used to correct the angiographically de- 
rived volumes. The details of this procedure are pub- 
lished elsewhere.!? 

Hemodynamic data: Peak RV systolic pressure, RV 
pressure during each cine frame (every 20 ms) and left 
ventricular end-diastolic pressure were measured. Be- 
cause it was not possible to measure RV and pulmonary 
artery pressures simultaneously, these were estimated in 
the following fashion: Peak RV pressure was substituted 
for pulmonary artery systolic pressure since no patient 
had evidence of pulmonic stenosis. Left ventricular end- 
diastolic pressure was used as an approximation of pul- 
monary artery diastolic pressure. Mean pulmonary ar- 
tery pressure was then calculated as: mean pulmonary 
artery disease = [peak right ventricular systolic pressure 
+ 2 (left ventricular end-diastolic pressure)]/3. This 
value was divided by the stroke volume multiplied by 
the heart rate to calculate an estimate of pulmonary 
resistance. 

The systolic portion of the pressure curve was digi- 
tized for the determination of the maximal rate of pres- 
sure change (dP/dt) which was calculated every 3 to 5 
ms depending on the heart rate. Frame-by-frame RV 
volume analysis was performed from end diastole to end 
systole at rest and during exercise. End diastole was de- 
fined as the onset of the rapid pressure increase in the 
RV pressure tracing. End systole was determined as the 
point of closure of the pulmonic valve as determined 
angiographically or from the phonocardiogram. RV 
ejection fraction was calculated in the standard fashion. 
Additionally, RV ejection rates were calculated for ev- 
ery 20 ms period during systole. To reduce error due to 
“noise” in the ventricular tracings,!? the volumes were 
initially smoothed with a fifth grade moving average: 


FIGURE 1. Right ventricular regional wall 


Superior Septal 


cluding the tricuspid and pulmonic valves. 
LAO = left anterior oblique; RAO = right 
anterior oblique. 


Inferior Apical 


LAO PROJECTION 


TABLE Il Hemodynamic Data 
Pt HR 


Pul. Resis. 
(mm Hg-m /liter) 


RVSP 
" (beats/min) 


124419 55+ 10 


0.0006 0.0004 


MaxdP /dt 
(mm Hg/s) 


4841.6 445 + 106 


i 948 + 293 
0.04 0.0006 


Group 1 Versus Group 2 
NS NS NS NS NS NS NS 0.04 NS NS 


Hemodynamic data for groups 1 and 2 at rest and exercise. Parameters for each patient are given along with the mean + standard deviations and p values of the differences. 
EX = exercise; HR = heart rate; LVEDP = left ventricular end-diastolic pressure; MaxdP /dt = maximal rate of pressure change; NS = not significant; Pul. Resis. = pulmonary 


resistance; RVSP = right ventricular systolic pressure. 


V(t) = [v(t — 40) + 2 v(t — 20) + 3 v(t) + 2 v(t + 20) 
+ v(t + 40)]/9, where t is the time from pulmonic valve 
opening in ms and v(t) and V(t) are raw and smoothed 
RV volumes, respectively. These data were then nor- 
malized for body surface area. The ejection rate was 
calculated as: ejection rate (ml/m?/s) = [V(t + 20) — 
V(t — 20)]/40 ms. The peak ejection rate was taken as 
the maximal flow velocity during the ejection period. 

Regional ejection fraction was calculated from RV 
cine frames at rest and during exercise. Both the right 
anterior oblique and left anterior oblique projections 
were subdivided into 4 equiangular quadrants (Figure 
1) through the center of gravity of each silhouette. The 
area of each quadrant was measured and the reduction 
in area from end diastole to end systole was divided by 
the end-diastolic area to obtain the regional ejection 
fraction. 

In a similar fashion, the right anterior oblique left 
ventricular end-diastolic and end-systolic cine frames 
were subdivided into 6 areas and regional ejection frac- 
tions were calculated at rest and during exercise to eval- 
uate left ventricular wall motion abnormalities (Table 
I). 

Statistical methods: Intragroup comparisons were 
obtained using a paired Student’s ¢ test, and intergroup 
comparisons with the unpaired ¢ test. Linear regression 
analysis was performed using Statview™ software. 


RESULTS 

Hemodynamic and volumetric data for the 2 groups 
are listed in Tables II and III. There were no significant 
differences between resting values in the 2 groups, al- 





though there was a tendency for RV ejection fraction to 
be lower in group 2. 

In groups 1 and 2, heart rate, peak RV systolic pres- 
sure, peak dP/dt and peak ejection rate increased with 
exercise. 

There were significant differences between groups 1 
and 2 with exercise. Stroke volume index was signifi- 
cantly different between groups 1 and 2 (p = 0.02) dur- 
ing exercise. Pulmonary resistance was higher during 
exercise in group 2 than in group 1 (p = 0.04). RV 
ejection fraction was substantially different between the 
2 groups. Finally, peak ejection rate during exercise was 
higher in group 1 than in group 2 (p = 0.03). 

The results of RV regional wall motion analysis are 
summarized in Table IV. In group 1, there tended to be 
a generalized increase in regional ejection fraction from 
rest to exercise. Conversely, in group 2, regional ejection 
fraction was generally lower with exercise, decreasing or 
remaining the same in 8 of 8 sectors. 

The change in RV ejection fraction from rest to ex- 
ercise correlated closely with the change in pulmonary 
resistance in the 2 groups (r = —0.89, p <0.0001) (Fig- 
ure 2). 


DISCUSSION 

In this study we evaluated angiographically the ef- 
fects of exercise on RV function in patients with and 
without coronary artery disease. In both groups, RV 
systolic pressure and peak dP/dt increased similarly 
with exercise. However, patients with coronary artery 
disease had a significantly lower stroke volume and 
ejection fraction with exercise than the normal group. 
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TABLE Ill Volumetric Data 


Pt. EDVI SVI 
No. (m /m® 


69412 
p N 


S NS 
NS NS NS 


(mi/m?) 


RVEF PER 


(ml/m?2/s) 


232 + 36 
S 


NS NS N 
Group 1 Versus Group 2 
NS 


0.12 


0.02 0.05 0.01 NS 0.03 


Volumetric data for groups 1 and 2 at rest and during exercise. Mean + standard deviations and p values are given below each column. 
EDVI = right ventricular end-diastolic volume index; ESVI = right ventricular end-systolic volume index; PER = peak right ventricular ejection rate; RVEF = right ventricular ejection 


fraction; SVI = stroke volume index; other abbreviations as in Table Il. 


RV ejection fraction correlated closely with changes in 
RV afterload from rest to exercise. 

The hemodynamic changes produced by exercise in 
the right ventricle and pulmonary circulation have been 
well described.!:!4-!6 In evaluating these data, it is im- 
portant to be cognizant of body position during the ex- 
ercise (supine with legs down or elevated, or sitting) and 
also the age of the patient group studied. In most stud- 
ies, pulmonary artery systolic pressure increases signifi- 
cantly in both normal subjects and patients with coro- 
nary artery disease during supine exercise. !6 

Peak dP/dt has been infrequently evaluated in the 
right ventricle. Bussmann et alë reported a mean peak 
dP/dt of 490 mm Hg/s in 17 patients with left anterior 
descending coronary artery disease and 350 mm Hg/s 
in 9 patients with right coronary artery disease. In both 
groups, peak dP/dt increased significantly with exer- 
cise. However, there are theoretical concerns when peak 
dP/dt is used as an index of RV contractility.'’ Con- 
trary to peak left ventricular dP/dt, which precedes aor- 
tic valve opening, peak dP/dt of the right ventricle cus- 
tomarily occurs after the pulmonic valve opens. More- 
over, it is an “impure signal” influenced by the timing 
of left ventricular contraction.!* 

A number of investigators have determined RV vol- 
umes angiographically. They have employed Simpson’s 
rule,!92 as in our own study, or geometrical approxima- 
tions of RV shape.?!,22 

Radionuclide determined RV end-systolic and end- 
diastolic volumes have generally been reported to be 
larger, and the ejection fraction smaller, than those 
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found with contrast angiography.>* This discrepancy 
has been thoroughly evaluated by Marving et al.'° They 
conclude that a major reason for this is the difficulty in 
discerning the RV-right atrial border, and therefore 
only right anterior oblique projections should be used in 
radionuclide RV investigations. Dell’Italia et al? found 
a close correlation, r = 0.91, between angiographic and 
radionuclide-determined RV volumes; however, a geo- 
metric correction for attenuation was applied and a 
close correlation would not exclude a consistent overes- 
timation in ventricular volume. 

Determinants of right ventricular ejection perfor- 
mance during exercise: What is the mechanism for the 
decline in RV ejection fraction during exercise in pa- 
tients with coronary artery disease? Many factors may 
be involved, including RV ischemia, septal shifting and 
loading of the right ventricle. In radionuclide exercise 
studies reported by Johnson and Maddahi® and their 
co-workers, RV ejection fraction failed to increase dur- 
ing exercise when there were significant right coronary 
artery lesions. RV ejection fraction has been shown to 
decline when the right coronary artery is occluded dur- 
ing percutaneous transluminal coronary angioplasty.” 
In 5 of the 7 patients in group 2, there were significant 
lesions involving the right coronary artery, so exercise- 
induced ischemia could result in RV dysfunction. How- 
ever, in the 2 other patients (patients 3 and 5, group 2, 
Table III) without significant right coronary artery dis- 
ease, RV ejection fraction also decreased during exer- 
cise. Septal asynergy was not seen in group 2 (Table 
IV), so it is unlikely that septal ischemia is responsible. 





Right Anterior Oblique 


No. ANT ANT-API INF—API INF BSL 


5.8+4.3 





7.7 +6.4 











-12.4421 7.1416 





p 0.11 0.06 0.05 0.01 


Regional wall motion analysis showed reduced function 
of the RV free wall during exercise even in patients 
without significant right coronary artery disease. 

Ventricular interaction should also be considered in 
this reduction of RV systolic function. The left ventricu- 
lar end-diastolic volume increases with significant isch- 
emia,’ and this may impede RV filling and thus re- 
duce systolic performance. RV end-diastolic volume was 
mildly, although not significantly, reduced with exercise 
in group 2. However, there was a similar nonsignificant 
decline in group 1 without a change in RV ejection frac- 
tion. 

Another explanation for the decline in RV ejection 
fraction during exercise is an acute increase in after- 
load. In group 1, afterload, measured by pulmonary re- 
sistance, did not change with exercise, whereas ejection 
fraction increased slightly but not significantly. How- 
ever, in group 2, afterload increased and ejection frac- 
tion tended to decrease with exertion. There was a close 
correlation between the change in ejection fraction with 
exercise and the change in pulmonary resistance (Fig- 
ure 2). 

The correlation between RV ejection fraction and 
pulmonary hemodynamics during exercise has been re- 
ported before, although only in patients with pulmonary 
or valvular heart disease. Cohen et al? studied 8 patients 
with mitral stenosis by radionuclide imaging. They 
found a moderate correlation (r = —0.71, p = 0.05) 
between the change in RV ejection fraction from rest to 
exercise, corrected for duration of exercise, and peak 
exercise pulmonary pressure. In patients with chronic 
obstructive pulmonary disease, Morrison et al2° noted a 
weak correlation (r = —0.51, p <0.05) between the 
change in ejection fraction with exercise and the change 
in total pulmonary resistance. However, this same 


TABLE IV Right Ventricular Wall Motion Analysis 
Pt 








4.54122 


=11:9 £23 
Group 1 Versus Gro! 
Regional wall motion analysis for the right ventricle at rest and during exercise for each of the 8 sectors in both projection. Mean + standard deviations and p values are given be- 


low each column. Note that in group 1, mean regional ejection fraction (%) increased in all sectors as opposed to group 2 where it decreased in 7 of the 8 sectors. 
ANT = anterior; ANT—API = anterior apical; INF—API = inferior apical; INF—BSL = inferior basal; NS = not significant; SUP-SEP = superior septal. See Figure 1. 
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group” failed to find such a correlation when a mixed 
group of patients with mitral or aortic stenosis under- 
went exercise. The difficulties inherent in using radionu- 
clide imaging for RV ejection fraction determination, 
especially during exercise, may explain the somewhat 
higher correlation found in our patients. 

The influence of pulmonary artery pressures on RV 
function is a form of ventricular interaction that may 
have important clinical implications. Even with signifi- 
cant left ventricular failure and elevated resting system- 
ic vascular resistance, systemic vascular resistance de- 
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CHANGE IN PULMONARY RESISTANCE (WOOD'S UNITS) 


FIGURE 2. Relation of the change in right ventricular (RV) 
ejection fraction with the change in pulmonary resistance from 
rest to exercise for groups 1 and 2. Right ventricular ejection 
fraction tended to decrease as pulmonary resistance increased 
with exercise. 
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clines with exercise.2® When significant pulmonary, val- 
vular or coronary artery disease is present, however, 
pulmonary resistance may increase with exercise and 
thus impair RV systolic function. In an intriguing report 
regarding patients with left ventricular dysfunction, 
Baker et al2? found no correlation between maximum 
oxygen uptake during exercise and resting left ventricu- 
lar ejection fraction. Yet there was a good correlation 
between resting RV ejection fraction and maximal oxy- 
gen uptake (r = 0.70, p <0.001). When only patients 
with ischemic cardiomyopathy, and hence more similar 
to our patients, were considered, this correlation was 
even stronger (r = 0.88, p <0.001). 

Thus, elevated left ventricular filling pressures, by 
increasing pulmonary pressures, may adversely affect 
RV systolic performance. In a sense, left ventricular 
diastolic function may influence RV systolic function. 
Whether this ultimately impairs exercise capability by a 
reduction in stroke volume is not clear, but deserves 
closer study. 

Study limitations: The current study is limited in a 
number of ways. First, the number of patients studied 
was small. Pulmonary resistance was not measured di- 
rectly in the study but estimated. Accurate pulmonary 
artery pressures would have required a second catheter 
to traverse the tricuspid valve, with the likelihood of in- 
ducing significant tricuspid regurgitation as well as re- 
quiring a second vascular access site. For these reasons 
an estimation was used. The mean value for pulmonary 
resistance of 3.0 Wood units obtained for group | is 
near the value of 2.6 reported for normal subjects.*° 

Second, RV wall stress would be a better measure of 
afterload than total pulmonary resistance. However, no 
standard formula has been developed to quantify RV 
stress, perhaps because this ventricle is more geometri- 
cally complex than the left ventricle. Moreover, mea- 
surements of wall stress would require the determina- 
tion of RV wall thickness, which is quite difficult; also, 
quantitating these changes throughout systole, especial- 
ly during exercise, was not technically feasible. 

Another concern is that the RV angiograms were 
recorded after contrast administration. However, this 
was a very involved and strenuous protocol for the pa- 
tients who consented to participate. We therefore ex- 
cluded patients from the protocol if severe coronary ar- 
tery disease was present. A waiting period of 15 minutes 
after the last coronary injection to review the films and 
to place the Millar catheter minimized the acute effects 
of the contrast injections. Finally, nonionic contrast 
agents such as iopamidol produce fewer hemodynamic 
changes compared with more standard agents.!2 
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Coronary Collateral Circulation in Coronary 
Artery Disease and Systemic Hypertension 
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The extent and functional capacity of coronary col- 


lateral circulation in patients with systemic hyper- 
tension has not been elucidated. In the present 
study, 313 patients with coronary artery disease 
were studied to evaluate coronary collateral circu- 
lation in relation to the presence of systemic hyper- 
tension and left ventricular hypertrophy. Patients 
had 295% diameter luminal obstruction of either 
the left anterior descending or the right coronary 
artery. Patients were classified into 2 groups: The 
hypertensive group consisted of 61 patients, mean 
age 55 + 9 years, with systemic hypertension, and 
the normotensive group consisted of 252 patients, 
mean age 53 + 8 years, without hypertension. The 
hypertensive group had more severe angina pecto- 
ris and less history of healed myocardial infarction 
than the normotensive group (p <0.001). Left ven- 
tricular wall thickness was 1.26 + 0.1 cm in the 
hypertensive and 1.03 + 0.06 cm in the normoten- 
sive group (p <0.001). The hypertensive group had 
more extensive coronary collateral circulation than 
the normotensive group (p <0.01). There was a 
positive relation between coronary collateral circu- 
lation and left ventricular wall thickness (p 
<0.001). These results indicate that patients with 
systemic hypertension and coronary artery disease 
have an increase in coronary collateral circulation 
corresponding to the degree of left ventricular wall 
thickness 


(Am J Cardiol 1991;67:687-690) 
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creased susceptibility to coronary artery disease 

and is the most common cause of left ventricular 
hypertrophy in adults.! Studies in animals and humans 
indicate that the major conduit of epicardial coronary 
arteries is enlarged in hypertrophied ventricles.23 How- 
ever, this dilatation may be less than what would be 
expected.? Minimal coronary resistance assessed by a 
variety of techniques was abnormally elevated in several 
animal preparations of cardiac hypertrophy.*© The ef- 
fect of left ventricular hypertrophy due to systemic hy- 
pertension on coronary collateral circulation has not 
been elucidated in humans. In the present study, we in- 
vestigated the occurrence of coronary collateral circula- 
tion detected by angiography in hypertensive patients 
having total or subtotal occlusion of the left anterior 
descending or the right coronary artery, and compared 
them with another normotensive group of patients hav- 
ing the same angiographic findings. 


C eat hypertension is associated with an in- 


METHODS 

Study population: We investigated 4,500 consecutive 
patients with coronary artery disease who underwent di- 
agnostic coronary angiography and left ventriculog- 
raphy. Patients with cardiomyopathy, valvular or con- 
genital heart disease were excluded from the study. 
Three hundred thirteen patients had 295% diameter lu- 
minal obstruction of the right coronary artery or the left 
anterior descending artery. These patients formed the 
studied group. The contralateral and the circumflex 
arteries had <70% stenosis. All patients had dominant 
right coronary arteries. 

Patients were classified into 2 groups: those with and 
without systemic hypertension. The hypertensive group 
consisted of 61 patients undergoing treatment for hyper- 
tension and the normotensive group consisted of 252 pa- 
tients without systemic hypertension (Table I). Initial 
blood pressure was defined as the pressure before the 
initiation of antihypertensive treatment. Blood pressure 
was measured with a standard cuff sphygmomanom- 
eter. In each patient 2 blood pressure measurements 
were obtained at times more than 1 week apart and the 
measurements were averaged. If the first 2 pressure 
readings differed by >5 mm Hg, additional readings 
were obtained. The diagnosis of systemic hypertension 
was made if the diastolic pressure was >90 mm Hg or 
the systolic pressure was =>150 mm Hg, or both. Blood 
pressure after treatment was defined as the blood pres- 
sure that was found the month before cardiac cath- 
eterization. Antihypertensive therapy was continued 
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TABLE I Clinical Characteristics and Risk Factors in the Two 
Groups 


Hypertensives Normotensives 
(61 patients) (252 patients) 


5448 















5549 

























Age (years) 


Men:women 52:9 242:10 

Right coronary artery 41 (67%) 113 (45%)* 
(295% diameter stenosis) 

Left anterior descending 20 (33%) 139 (55%)* 
(295% diameter stenosis) 

Serum total cholesterol >250 33 (54%) 122 (48%) 
mg/dL 

Cigarette smoking 56 (92%) 204 (80%) 

Diabetes mellitus 16 (26%) 49 (20%) 

Positive family history for coronary 13 (21%) 50 (20%) 
artery disease 

Blood pressure: 
Initial systolic (mm Hg) 172+6 — 
Initial diastolic (mm Hg) 10245 — 
Posttreatment systolic (mmHg) 152+5 11743t 
Posttreatment diastolic (mm Hg) 90+4 77+3' 
Duration of treatment (years) 52 a 

Duration of angina pectoris or 16.5410 14+8 


other forms of coronary artery 
disease (months) 

Echocardiographic measurements 
left ventricular wall thickness 
(cm) 


* Significantly different in the 2 groups (p < 0.01) 
t Significantly different in the 2 groups (p < 0.001) 


throughout the study period, the time of first appear- 
ance of coronary artery disease (angina pectoris, myo- 
cardial infarction or sudden death) and the period in 
months from this time until the cardiac catheterization 
were recorded. Serum total cholesterol was measured in 
every patient in the nonfasting state. Cholesterol levels 
>250 mg/dl were classified as high. 
Echocardiography: Echocardiography was per- 
formed using an Irex system III phased-array ultra- 
sound unit with a 2.5-MHz transducer and an aperture 
size of 16 mm. M-mode echocardiographic recordings 
were performed the day after cardiac catheterization in 
the last 138 patients studied. The recordings were then 
coded and analyzed by a second investigator who was 
unaware of the clinical characteristics of the subject. 


(in 48 patients) (in 90 patients) 
1.26 +0.10 1.03 + 0.06t 
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FIGURE 1. Coronary collateral circulation in the 2 groups. 
Collateral circulation was more extensive in the hypertensive 
group. 
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TABLE Il Clinical Presentation of the Studied Patients 


Normotensives 
(252 patients) 


Hypertensives 
(61 patients) 


History of acute 
myocardial infarction (%) 
Angina class by NYHA 
1(%) 
ll (%) 
IlI (%) 
IV (%) 


27 (44) 174(70)* 
2(3) 
17 (28) 
19(31) 
23 (38) 


58 (23)* 
87 (35)* 
75 (30)* 
32 (13)* 


* p <0.001. 
NYHA = New York Heart Association functional classification. 





Left ventricular wall thickness was measured distal to 
the tips of the mitral valve leaflets and at the peak of 
the R wave of the electrocardiogram. Measurements 
were made over 3 consecutive cardiac cycles and mean 
values were calculated. 

Angiography and grading of collateral circulation: 
Two cardiologists unaware of all other clinical charac- 
teristics qualitatively assessed the degree of luminal di- 
ameter stenosis of the coronary arteries and the collat- 
eral filling of the diseased artery. The percent diame- 
ter narrowing was calculated from the projection that 
showed the most severe stenosis and a caliper was used 
for the estimation. Each cardiologist examined all the 
films. If there was a disagreement another observer was 
invited to examine the film, and the majority decided. 

Collateral filling of the obstructed vessel was classi- 
fied based on the presence and extent of epicardial fill- 
ing by contralateral coronary artery injection,’ as fol- 
lows: class 0, no epicardial filling; class I, filling of 
side branches only; class II, partial filling of the epicar- 
dial segment; and class III, complete filling of the epi- 
cardial segment. 

Statistical analysis: All parametric data (age, blood 
pressure and echocardiographic measurements) are ex- 
pressed as mean + standard deviation. Differences be- 
tween groups were calculated with a 2-tailed ¢ test 
or chi-square test after Yates’ correction. Probability 
<0.05 was considered significant. 


RESULTS 

Tables I and II list clinical characteristics and risk 
factors of the 2 groups. 

Coronary collateral circulation was more extensive 
(p <0.01) in the hypertensive group. Eleven of the hy- 
pertensive and 55 of the normotensive group patients 
had class 0 coronary collateral circulation; 7 and 85 pa- 
tients, respectively, had class I; 26 and 79 patients, re- 
spectively, had class II; and 17 and 33 patients, respec- 
tively, had class III coronary collateral circulation (Fig- 
ure 1). 

Coronary collateral circulation was more extensive 
(p <0.02) in patients with right coronary artery disease 
than in those with left anterior descending disease; 27 of 
the patients with right coronary artery disease and 39 of 
the patients with left anterior descending disease had 
class 0 coronary collateral circulation; 35 and 57 pa- 
tients, respectively, had class I; 62 and 43 patients, re- 


spectively, had class II; and 30 and 20 patients, respec- 
tively, had class III coronary collateral circulation (Fig- 
ure 2). 

Left ventricular wall thickness in 13 patients with 
class III collateral circulation was 1.28 + 0.09 cm; in 19 
class II patients it was 1.28 + 0.10 cm; in 6 class I 
patients it was 1.24 + 0.06 cm; and in class 0 patients it 
was 1.24 + 0.11 cm. Patients with class II and III col- 
lateral circulation had significantly (p <0.001) greater 
left ventricular wall thickness than patients with class 0 
and I collateral circulation (Figure 3). 

Global ejection fraction was 49 + 7% in the hyper- 
tensive and 53 + 10% in the normotensive group (p 
<0.05). 


DISCUSSION 

The principle findings of this study were that coro- 
nary collateral circulation in hypertensive patients with 
coronary artery disease was more extensive than in nor- 
motensive patients with the same characteristics. Collat- 
eral circulation in the hypertensive patients was related 
to left ventricular wall thickness. These findings of aug- 
mented coronary collateral circulation in hypertrophied 
left ventricles are in agreement with those of previous 
anatomic studies.!”!! These studies showed that the fre- 
quency of intracoronary anastomosis was increased and 
the collaterals were of greater caliber in hypertrophied 
hearts. 

Although anatomic studies suggest that coronary 
collaterals are increased in left ventricular hypertrophy, 
physiologic studies by Goldstein et al!? demonstrated 
that peripheral coronary pressure was low in patients 
with aortic stenosis and normal coronary arteries. These 
results implied that the functional significance of collat- 
eral vessels in these patients was minimal. Recently 
published studies from the same laboratory have shown 
that dogs with hypertension and left ventricular hyper- 
trophy have larger infarcts than do control dogs.!3 Fur- 
thermore, these results implied that collateral resistance 
may be increased in animals with left ventricular hyper- 
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trophy and hypertension. However, Sheel et al!4 showed 
that collateral resistance in control and hypertrophied 
hearts was similar in an isolated, blood-perfused cardiac 
preparation. Other studies showed that the coronary 
arteries of the pressure overloaded hypertrophied hearts 
have impaired vasodilator and functional capacity.!5:!6 

In our study the angiographically measured coro- 
nary collateral circulation could be the result of (1) 
enlargement of the collateral arteries, (2) a decrease 
in coronary resistance, and (3) an increase in the 
blood pressure difference between the epicardial coro- 
nary arteries and the coronary sinus. A practical limita- 
tion in our study was that the injection rate of the con- 
trast medium in the contralateral artery could not be 
maintained at a constant level. Another limitation was 
that we did not measure the coronary resistance and the 
blood pressure distally in coronary arteries and in the 
coronary sinus, and for this reason we do not know ex- 
actly the mechanism of increased coronary collateral 
circulation that hypertensive patients had. 

Other investigators have shown that collateral 
growth occurs in humans and in dogs in response to 
occlusive vascular diseases.'’ However, in our study the 
duration and extent of coronary artery disease before 
cardiac catheterization was about the same in both 
groups. There was, therefore, no relation between ei- 
ther of them and the extent of coronary collateral cir- 
culation. The 2 groups also had the same risk factors 
and clinical characteristics except that the hypertensive 
group had right coronary artery disease more often. 

The hypertensive patients in our study had less myo- 
cardial infarction in their history, despite the increased 
afterload, and this phenomenon could be explained by 
the protective effect of the augmented coronary collat- 
eral circulation. The more severe angina pectoris and 
the decreased ejection fraction in these patients could be 
explained by the existence of increased afterload. How- 
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FIGURE 3. Left ventricular (LV) wall thickness in relation to 

coronary collateral circulation. Class Il and Ill patients had 
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ever, because of the disparity in the size of the groups, 
these findings are only tentative. 

It is not clearly known why left ventricular hypertro- 
phy augments coronary collateral circulation. One could 
suggest that hypertrophy may be associated with in- 
creased growth of intracoronary collateral vasculature, 
the stimulus for which is thought to be related to myo- 
cardial ischemia. 

The reason for the increased coronary collateral cir- 
culation in right coronary artery disease is not known. 
Coronary vascular resistance is influenced both by fac- 
tors extrinsic to the arteries, particularly by compressive 
forces within the myocardium, and by metabolic, neural 
and humoral factors intrinsic to them, causing changes 
in the cross-sectional area of coronary resistance vessels. 
Intramyocardial pressure is determined primarily by 
ventricular pressure throughout the cardiac cycle.!8-20 
Because compressive forces exerted by the right ventri- 
cle are ordinarily far less than those of the left ventricle, 
perfusion of the right ventricle is not interrupted during 
systole. However, knowing these hydraulic differences, 
one could suggest that the coronary collateral circula- 
tion could be greater for the right coronary artery, even 
if the same quantity of collateral vessels existed in the 
left coronary artery. 


Acknowledgment: We thank Theano Zachariadie 
for her secretarial work. 


REFERENCES 

1. Robertson WB, Strong JP. Atherosclerosis in persons with hypertension and 
diabetes mellitus. Lab Invest 1968;18:538-551. 

2. Stack RS, Rembert JC, Schirmer B, Greenfield JC. Relation of left ventricular 
mass to geometry of the proximal coronary arteries in the dog. Am J Cardiol 
1983;51:1728-1731. 

3. Paulsen S, Vetner M, Hagerup LM. Relationship between heart weight and the 


_ 690 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


cross sectional area of the coronary ostia. Acta Pathol Microbiol Scand 1975; 
83:429-432. 

4. O'Keefe DD, Hoffman JIE, Cheitlin R, O'Neill MJ, Allard JR, Sharkin E. 
Coronary blood flow in experimental canine left ventricular hypertrophy. Circ Res 
1978;43:43-51. 

5. Mueller TM, Marcus ML, Kerber RE, Young JA, Barnes RW, Abbound FM. 
Effect of renal hypertension and left ventricular hypertrophy on the coronary 
circulation in dogs. Circ Res 1978;42:543-549. 

6. Rembert JC, Kleinman LH, Fedor TM, Wechslen AS, Greenfield JC Jr. 
Myocardial blood flow distribution in concentric left ventricular hypertrophy. J 
Clin Invest 1978;62:379-386. 

7. Murray PA, Baig H, Fishbein MC, Vatner SF. Effects of experimental right 
ventricular hypertrophy on myocardial blood flow in conscious dogs. J Clin Invest 
1979;64:421-427. 

8. Marcus ML, Doty DB, Hiratzka LF, Wright CB, Eastham CL. Decreased 
coronary reserve—a mechanism for angina pectoris in patients with aortic stenosis 
and normal coronary arteries. N Engl J Med 1982;367:1362-1366. 

9. Cohen M, Rentrop P. Limitation of myocardial ischemia by collateral circula- 
tion during sudden controlled coronary artery occlusion in human subjects: a 
prospective study. Circulation 1986;74:469-476. 

10. Blumgart HL, Schlesinger MJ, Davis O. Studies on the relation of the clinical 
manifestations of angina pectoris, coronary thrombosis and myocardial infarction 
to the pathologic finding with particular reference to the significance of the 
collateral circulation. Am Heart J 1940;19:1-91. 

11. Zoll PM, Wessler S, Schlesinger MJ. Interarterial coronary anastomoses in 
the human heart, with particular reference to anaemia and relative cardiac anoxia. 
Circulation 1951;4:797-812. 

12. Goldstein RE, Michaelis LL, Morrow AD, Epstein SE. Coronary collateral 
function in patients without occlusive coronary artery disease. Circulation 
1975;51:118-125. 

13. Koyanagi S, Eastham CL, Harrison DG, Marcus ML. Increased size of 
myocardial infarction in dogs with chronic hypertension and left ventricular 
hypertrophy. Cire Res 1982;50:55-62. 

14. Scheel KW, Eisenstein BL, Ingram LA. Coronary, collateral, and perfusion 
territory responses to aortic banding. Am J Physiol 1984;246:H768-H775. 
15. Marcus ML, Doty DB, Hiratzka LF, Wright CB, Eastham CL. Decreased 
coronary reserve: a mechanism for angina pectoris in patients with aortic stenosis 
and normal coronary arteries. N Engl J Med 1982;307:1362-1366. 

16. Harrison DG, Barnes DH, Hiratzka LF, Eastham CL, Kerber RE, Marcus 
ML. The effect of cardiac hypertrophy on the coronary collateral circulation. 
Circulation 1985;71:1135-1145. 

17. Gregg DE. The natural history of coronary collateral development. Circ Res 
1974;35:335-344. 

18. Downey JM, Kirk ES. Inhibition of coronary blood flow by a vascular 
waterfall mechanism. Circ Res 1975;36:753-760. 

19. Moir TW. Subendocardial distribution of coronary blood flow and the effect 
of antianginal drugs. Cire Res 1972;30:621-627. 

20. Gregg DE, Khouri EM, Rayford CR. Systemic and coronary energetics in the 
resting unanesthetized dog. Circ Res 1965;16:102-111. 





Results of Intracoronary Stents for Management 
of Coronary Dissection After Balloon Angioplasty 
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a ha a a eee be ie 
Dissections after coronary balloon angioplasty are 


risk factors for acute or subacute vessel closures. 
Intracoronary stenting was developed to avoid 
these complications by pressing the intimal and me- 
dial flaps against the vessel wall, thus reducing the 
risk of acute thrombosis. A total of 22 stents were 
implanted into the coronary arteries of 15 patients 
with dissections after balloon angioplasty causing 
angina pectoris or ischemic electrocardiographic 
changes. Stent delivery was successful in all cases. 
In 1 patient acute stent thrombosis was document- 
ed and treated successfully by thrombolytic thera- 
py- Another patient underwent coronary artery by- 
pass surgery 24 hours later because of persisting 
angina. Angiograms after 24 hours documented 
vessel patency in the remaining 14 patients. Late 
control angiograms after 4 to 6 months were ob- 
tained in 12 of 14 patients. Vessel patency without 
significant restenosis was observed in 8 patients, 
restenosis in 3 and reocclusion in 1 patient. All 3 
patients with multiple stent implantation had reste- 
nosis (n = 2) or reocclusion (n = 1), compared with 
1 patient with single stent implantation. 

Thus, intracoronary stenting appears to be a se- 
cure and effective method of handling bailout situa- 
tions caused by dissection after balloon angio- 
plasty, with good long-term results when only a 
single stent is implanted. 

(Am J Cardiol 1991;67:691-696) 
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treatment for patients with coronary artery dis- 

ease.!-5 Nevertheless, acute complications such 
as dissections, vessel ruptures or acute thrombosis, and 
late restenosis are still serious side effects and limita- 
tions.>° Coronary stents are designed to handle these 
acute complications and to lower the rate of late reste- 
nosis. Two types of stents—self-expandable and bal- 
loon-expandable—are used in clinical practice.!°-!5 We 
report the implantation of balloon-expandable stents in 
human coronary arteries with symptomatic dissections 
after balloon angioplasty. 


(C ane balloon angioplasty is an effective 


METHODS 

The stent: The balloon-expandable stent, designed 
by Palmaz and Schatz!!-!2 (Figure 1), consists of 2 tu- 
bular stainless steel meshes connected with a single 
bridge (length 1.4 cm and diameter 1.67 mm before ex- 
pansion). After balloon inflation the stent expands up to 
the maximum balloon diameter and is pressed against 
the vessel wall. Low inflation pressures are sufficient to 
accomplish complete stent expansion, minimizing the 
risk of balloon rupture.!!.!2 

Patients: Under bailout conditions, intracoronary 
stenting was attempted in 15 patients (2 women and 13 
men, aged 54 to 69 years) who had dissections after 
balloon angioplasty accompanied by angina pectoris 
and ischemic electrocardiographic changes. Anamnes- 
tic, clinical and procedure-related data are listed in Ta- 
bles I and II. All patients gave informed consent for 
balloon angioplasty procedures and for stent implanta- 
tion in cases of restenosis or bailout situations. 

Procedure: Premedication consisted of 500 mg aspi- 
rin, 10 mg of nifedipine 3 times daily, and 75 mg of 
dipyridamole twice daily starting 2 days before the pro- 
cedure. In the catheterization laboratory all patients re- 
ceived 100 ml/hour of dextran before the procedure, an 
intravenous bolus injection of 10,000 IU of heparin, and 
continuous infusion of 1,200 IU/hour of heparin, 0.5 
mg/hour of nifedipine and 3 mg/hour of nitroglycerin. 
Coronary angiograms of the left and right coronary 
arteries were recorded in several projections to docu- 
ment the target lesion and the collateral supply. Angio- 
plasty of the target lesion was then performed using 
9Fr Judkins guiding catheters (Medtronic) and bal- 
loon catheters (ACS™, ACX™ and Hydro-Cross™, Ed- 
wards) ranging from 2.0 to 3.5 mm in diameter. The 
maximal inflation pressure was 8 atm, and the maximal 
inflation period ranged from 20 to 60 seconds. A total 
of 1 to 3 inflations were performed. Before control angi- 
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TABLE I Anamnestic and Clinical Data of the 15 Patients 
with Symptomatic Coronary Dissections After Balloon 
Angioplasty Treated with Intracoronary Stenting 


Previous 
Risk 
Factors 


Angina 
Pectoris 


CCS Ill 

CCS II 

CCS Ill 

ccs Il 

CCS III 

CCS II 

CCS Ill 

CCS III 

CCS II 

CCS III 

CCS III 

CCS Ill 

CCS III 

CCS II 

CCS Il 
A = adiposis; AMI = anterior myocardial infarction, CCS = classification of angina 
pectoris according to the Canadian Cardiovascular Society; DII = type ll diabetes 
mellitus; H = hypertension; IMI = inferior myocardial infarction; LAD = left anterior 
descending artery; S = smoking; PMI = posterior myocardial infarction; PT CA = 


percutaneous transluminal coronary angioplasty; RIM = intermedium branch; RCA = 
right coronary artery; lla = type Ila hyperlipoproteinemia. 





ography, 0.2 mg of nitroglycerin and 3,000 IU of hepa- 
rin were injected intracoronarily. If the control angio- 
grams documented a dissection membrane at the site 
of dilatation and if, in a bailout situation, the pa- 
tient reported angina and ischemic electrocardiographic 
changes were present (Table II), we proceeded to im- 
plant a Palmaz-Schatz stent. The stent was mounted 
between the radiopaque markers of a 3.0-mm balloon 
catheter (USCI™), which are helpful in exact stent lo- 
calization as the mesh is not radiopaque. The length of 
the balloon is 2.5 cm and prevents vessel damage by 
covering the ends of the stent (Figure 1). The balloon 
with the mounted stent was then inserted to the dissect- 





FIGURE 1. The Palmaz-Schatz stent, a balloon-expandable 

stent for intracoronary implantation. A, before balloon infla- 
tion; B, after balloon inflation; C, after withdrawal of the bal- 
loon catheter. White dots represent the shape of the balloon. 


ed lesion and inflated to a pressure of 12 atm for 5 to 10 
seconds using the long wire technique. Another angio- 
plasty was performed within the stent in 10 of 15 pa- 
tients using a 3.5-mm angioplasty catheter to achieve 
some overdilatation of the stented vessel segment and 
good fixation of the stent to the vessel wall. Finally, con- 
trol angiograms were recorded in different oblique pro- 
jections. 

Follow-up: To assess short-term vessel patency, ad- 
ditional angiograms were obtained 24 hours after stent 
implantation. All patients received continuous medica- 
tion consisting of 10 mg of nifedipine 3 times daily, 75 
mg of dipyridamole twice daily, and 500 mg of aspirin 
per day until late control angiograms were recorded 4 to 
6 months later. The last 12 patients also received cou- 
marin at Quick levels of <30% for 3 months, based on 
the results on subacute thrombosis. 

Quantitative coronary angiography: The minimal 
coronary stenosis diameter was evaluated quantitatively 
on the basis of 2 orthogonal views that provided optimal 
illustration of the target lesion; these views were also 


TABLE Il Procedure-Related Data of the 15 Patients with Symptomatic Coronary Dissections After Balloon Angioplasty Treated 


with Intracoronary Stenting 


After PTCA + Dissection 
Target 
Lesion 


Angina ECG Changes 


STO.2mV 
STO.1 mV 
ST0.3 mV 
ST 0.4 mV 
ST 0.3 mV 
ST0.2 mV 
ST 0.2 mV 
ST 0.4 mV 
ST 0.3 mV 
ST 0.2 mV 
ST 0.2 mV 
ST 0.2 mV 
ST 0.2 mV 
ST0O.1 mV 
ST 0.2 mV 


After Stenting 


Stents Angina ECG Changes Complications 


STO.1 mV 
ST0.1 mV 
ST0.1 mV 


ST0O.1 mV 
STO.1 mV 


ST 0.1 mV Ging. bleed. 
Gl bleeding 
Thrombus, CPK 


AVF 


1 
1 
1 
1 
3 
1 
1 
4 
3 
1 
1 
1 
1 
1 
1 


AVF = arteriovenous fistula; CABG = coronary artery bypass surgery; CPK = creatine phosphokinase rise; ECG = electrocardiographic; GI = gastrointestinal; Ging. bleed. = gingiva 
bleeding; LAD = left anterior descending artery; O = occlusion; PTCA = percutaneous transluminal coronary angioplasty; RCA = right coronary artery; RIM = intermedium branch; S 
= stenosis; ST = ST-segment changes; angina: —=no; +=mild; 4+4+=moderate; +++=severe; collaterals: degree of collateral support, judged from the angiogram +=less, 


++=moderate, +++=marked. 
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used to evaluate short- and long-term vessel patency. 
We calculated the absolute and relative minimal steno- 
sis diameters according to the assumptions of Brown et 
al!6 using the guiding catheter as a reference. After an- 
gioplasty, 2 minimal luminal diameters were deter- 
mined, 1 with and 1 without respect to the dissection 
membrane (Figure 2). Restenosis was defined as >50% 
reduction in diameter or >50% loss of the initial result. 
Statistical analysis: Results are expressed as mean 
+ 1 standard deviation and the parametric Wilcoxon 
signed rank test was used to test for significant differ- 
ences. A p value <0.05 was considered significant. 


RESULTS 

The intracoronary stenting procedure was success- 
fully performed in all patients in whom symptomatic 
coronary dissections occurred after balloon angioplasty 
causing a marked improvement in anginal symptoms 
and ischemic electrocardiographic changes (Table II). 
Acute thrombosis immediately after implantation was 
observed as the only procedure-related problem in a pa- 
tient with a stenosis of the left anterior descending ar- 
tery and clinical symptoms of unstable angina (Figure 
3). The angiograms recorded after stent implantation 
documented contrast medium filling defects within the 
stented vessel segment, which were interpreted as a 
thrombus and treated by intracoronary injection of 
300,000 IU of urokinase and the additional intravenous 
infusion of 1.5 million IU of urokinase for 30 minutes. 
Although asymptomatic, this patient developed a maxi- 
mal increase in creatine phosphokinase of 400 IU/liter, 
and the control angiogram after 24 hours documented 
vessel patency without any persisting filling defects. The 
result after 4 months was satisfactory without signifi- 
cant residual stenosis. 

Figure 2 shows individual and mean values of the 
minimal stenosis diameter for all patients, documenting 
a marked increase in luminal diameter after stent im- 


MIN. 
STENOSIS 
FIGURE 2. Results of minimal (min.) ste- DIAMETER 
nosis diameter in 15 patients with symp- 
tomatic coronary dissections after percu- 
taneous transluminal coronary 
(PTCA). Individual results and mean + 1 
standard deviation are illustrated. Two 


the day after angiography. Long-term fol- 
low-up angiograms were recorded in 12 of 
14 remaining patients after 4 to 6 months 
(mon.). Patients with late restenosis or 
reocclusion are illustrated by long dashed 
lines. 





*13% n= 


ee es 


plantation compared with the results after balloon angi- 
oplasty. The relation between the maximal inflated bal- 
loon size and the minimal residual stenosis diameter af- 
ter balloon angioplasty indicates a mean recoil of 20.7 
+ 0.5 mm (28.5%), which was not measured after stent 
implantation. Control angiograms were obtained 24 
hours after stent implantation in 14 of 15 patients, 
documenting continuous satisfactory results. One pa- 
tient was sent to bypass surgery the day after stent im- 
plantation because of persisting angina pectoris but 
without significant creatine phosphokinase or electro- 
cardiographic changes (Figures 2 and 4). In this patient 
there was a stenosis of the left anterior descending ar- 
tery, and the guide wire could not be placed in the distal 
portion of this artery but instead in the adjacent diago- 
nal branch. After balloon angioplasty there was a long 
dissection that altered blood flow to the distal portion of 
the left anterior descending artery even after successful 
stent delivery. 

Currently, 12 of 14 remaining patients have had late 
follow-up angiograms 4 to 6 months after stent implan- 
tation. Significant restenosis was documented in 3 pa- 
tients, and reocclusion in 1 patient, in whom recanaliza- 
tion of a completely occluded right coronary artery was 
performed (Figure 2). No significant restenosis was 
documented in 8 patients. Retrospective analysis of 
these late follow-up results revealed that all the patients 
(3 of 15) with multiple stent implantation had restenosis 
or reocclusion compared with only 1 patient with single 
stent implantation. Long-term vessel patency was docu- 
mented in 8 of 9 controlled patients with single stent 
implantation. 

All patients received the intended long-term follow- 
up medication, especially those who received coumarin 
therapy with documented Quick levels of <30%. Long- 
term vessel patency was documented in 2 of 3 patients 
without and in 6 of 9 patients with coumarin medica- 
tion. Bleeding complications were observed in 2 pa- 
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FIGURE 3. Angiograms of a patient with unstable angina it a proximal stenosis of the left anterior descending artery (LAD). 
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After percutaneous transluminal coronary angioplasty (PTCA), a dissection membrane was documented, which was 

pressed against the vessel wall after stent implantation. Nevertheless, the angiogram shows a contrast medium filling defect 
within the stented vessel segment, which was interpreted as acute thrombus formation, and was successfully treated by throm- 
bolysis with excellent short- and long-term vessel patency. LCX = left circumflex artery; PA = pulmonary artery. 


tients, 1 developing an arteriovenous aneurysm and re- 
quiring blood transfusion, the other reporting slight gin- 
giva bleeding during coumarin therapy. 


DISCUSSION 

This study constitutes our first clinical experience 
with the balloon-expandable Palmaz-Schatz stent dur- 
ing bailout situations in patients with dissections after 
coronary balloon angioplasty causing angina and isch- 
emic electrocardiographic changes. Coronary dissec- 
tions after balloon angioplasty are regarded as a possi- 
ble reason for acute complications including vessel clo- 
sure.®:!7.18 Vessel wall irregularities such as intimal and 
medial flaps are frequently observed after balloon angi- 
oplasty and may induce blood flow alterations and pro- 
mote thrombus formation. Previous investigations eluci- 
dated the relation between the extent of the dissection 
and the rate of acute complications and restenosis.” 
Coronary stents were designed to press these intimal 
and medial flaps against the vessel wall to reduce the 
risk of blood flow alterations and acute thrombus for- 
mation resulting in an acute vessel closure, which occurs 
in 1.1 to 8% of native angioplasty procedures.+5.?.!970 
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Subsequent emergency coronary bypass surgery is re- 
quested in 1 to 7%,*!92!,22 

The Palmaz-Schatz stent can be distinguished meth- 
odologically from self-expandable stents.!°?3 This de- 
vice has been successfully implanted into coronary 
arteries of patients with coronary artery disease.!° 
Acute complications are reported to be rare compared 
with balloon angioplasty. 

Acute thrombosis immediately after stent implanta- 
tion was the only major stent-related procedural prob- 
lem, occurring in 1 patient with unstable angina pecto- 
ris. It was successfully treated by thrombolysis with an 
excellent long-term angiographic result, although an in- 
crease in creatine phosphokinase levels occurred. Con- 
trary to the previously described antithrombotic purpose 
of the stent by wrapping vessel wall irregularities, acute 
thrombosis may be actually promoted by the thrombo- 
philia of the stent itself in conjunction with the condi- 
tion of unstable angina and the thrombogenous effect of 
the vessel wall damage after balloon angioplasty. 

In 14 of 15 dissections, the intimal and medial flaps 
were successfully pressed against the vessel wall. In 1 
patient the stent implantation was successful but the 


BEFORE PTCA 





AFTER PTCA 





AFTER STENTING 





FIGURE 4. Angiograms of a patient with extended coronary dissection in the left anterior descending artery (LAD) after percu- 
taneous transluminal coronary angioplasty (PTCA), which persisted after stent implantation causing repeated episodes of isch- 
emia. The illustrations below should clarify the mechanisms responsible for this unsatisfactory outcome (for explanation see 


text). LCX = left circumflex artery; R. diag. = diagonal branch. 


distal membrane dissection still persisted. In retrospect, 
this result seems to be related to the angioplasty proce- 
dure itself, since it was not possible to position the guide 
wire correctly in the distal part of the left anterior de- 
scending artery. There was consequently no real im- 
provement after stent implantation, which was per- 
formed because of severe angina. The patient was sent 
to elective coronary bypass surgery the next day be- 
cause of persisting angina. This example emphasizes the 
importance of correct positioning of the guide wire in 
the distal part of the target vessel. Long wire or “mono- 
rail™” techniques should be used to prevent wire dis- 
placement while exchanging balloon catheters for stent 
delivery, especially in the presence of dissections. In 
comparison, the rate of success for coronary balloon an- 
gioplasty is reported to be about 90%.2-5.!7,22 

Bleeding complications occurred in 2 patients, one of 
whom required blood transfusions. The complete antico- 
agulation regiment of coumarin, aspirin and dipyrida- 
mole potentially promotes these complications. 

Quantitative analysis of the minimal stenosis diame- 
ters before and after balloon angioplasty as related to 
the inflated balloon sizes showed that elastic recoil 
forces induced a mean residual stenosis of 28.5%. Intra- 
coronary stenting inhibited recoil forces in addition to 
being a successful treatment for coronary dissections. 
Similar results have been reported by Puel et al. 

Long-term follow-up angiograms demonstrated 1 
subacute vessel closure, 3 restenoses within the stented 


vessel segment, and vessel patency in 8 patients after 4 
to 6 months. All patients with multiple stent implanta- 
tion had late restenosis or reocclusion compared with 
only 1 patient who received a single stent. The addition 
of coumarin to the long-term medication had no effect 
on vessel patency in this limited number of patients. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Reduction in the Frequency of Ventricular Late 
Potentials After Acute Myocardial Infarction by 
Early Thrombolytic Therapy 


Marc Zimmermann, MD, FESC, Richard Adamec, MD, and Stefano Ciaroni, MD, 
with the technical assistance of Florida Malbois and Roland Tiéche 


Ventricular late potentials are strong predictors of 
arrhythmic events after acute myocardial infarction 
(AMI). To assess the effect of intravenous throm- 
bolysis on the incidence of ventricular late poten- 
tials, 223 consecutive patients surviving a first 
AMI were included in the present study: 59 pa- 
tients (53 men, 6 women, mean age + standard de- 
viation 55 + 10 years) received intravenous recom- 
binant tissue-type plasminogen activator (100 mg 
over 3 hours, group A) and 164 patients (123 men, 
41 women, mean age 61 + 11 years) received con- 
ventional medical treatment (group B). A time-do- 
main signal-averaged electrocardiogram and a 
high-resolution beat-to-beat recording (gain 10°, 
filters 100 to 300 Hz) were performed at 10 + 3 
days after AMI. There was no difference between 
group A and B patients in terms of AMI location 
(anterior in 28 of 59 vs 80 of 164, difference not 
significant [NS]), mean left ventricular ejection frac- 
tion (55 + 10 vs 55 + 13%, NS), or presence of 
heart failure (New York Heart Association class III 
or IV in 12 of 59 vs 40 of 164, NS). The incidence 
of ventricular late potentials was 10% (6 of 59) in 
group A and 24% (39 of 164) in group B (p 
<0.05). Among the 146 patients who underwent 
coronary arteriography, the incidence of ventricular 
late potentials was 13% (10 of 80) in patients with 
a patent infarct-related artery and 26% (17 of 66) 
in patients with an occluded infarct-related artery 
(p <0.05). No relation was found between the pres- 
ence of ventricular late potentials and the presence 
of nonsustained ventricular tachycardia as detected 
by 24-hour Holter monitoring. In conclusion, intra- 
venous thrombolysis with recombinant tissue-type 
plasminogen activator reduces the incidence of ven- 
tricular late potentials in survivors of a first AMI; 
this reduced frequency is not related to global left 
ventricular function and appears to be related to 
the patency of the infarct-related artery (induced 
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by a thrombolytic agent or occurring spontaneous- 
ly). Further prospective studies are needed to as- 
sess the prognostic significance of this finding. 

(Am J Cardiol 1991;67:697-703) 


farction (AMI), mortality varies from 7 to 11%; 

half of these deaths are sudden and presumably 
due to malignant ventricular arrhythmias.'~3 In recent 
years, high-gain electrocardiography and signal-averag- 
ing techniques have allowed the noninvasive detection of 
ventricular late potentials in patients with documented 
sustained ventricular tachyarrhythmias.*” Ventricular 
late potentials are thought to represent delayed ac- 
tivation of some areas of the myocardium and their 
presence in patients after AMI is associated with an 
increased risk of ventricular tachycardia and sudden 
death.*-'4 Thrombolytic agents are being used with in- 
creasing frequency in the treatment of AMI, and have 
been found to reduce mortality after AMI.!5:!6 This fa- 
vorable effect may be related to preservation of left ven- 
tricular function but may also reflect reduction in elec- 
trical instability, since ventricular tachycardia has been 
shown to be inducible less often in patients who have 
received thrombolytic therapy.'’:!® The purposes of this 
study were: (1) to assess prospectively, in a large group 
of unselected patients surviving a first AMI, the effect 
of thrombolysis with recombinant tissue-type plasmino- 
gen activator (rt-PA) on the incidence of ventricular 
late potentials after AMI; and (2) to determine the in- 
fluence of infarct-related artery patency on the inci- 
dence of ventricular late potentials after AMI. 


Dis the first year after acute myocardial in- 


METHODS 

Patients: Between January 1987 and November 
1988, 325 patients were admitted with AMI. To avoid 
misinterpretation of the high-gain recordings, patients 
with previous coronary artery bypass grafting or docu- 
mented AMI (n = 67) and patients with complete bun- 
dle branch block (n = 21) were excluded, as well as 
patients who died during AMI (n = 14). Fifty-nine pa- 
tients (26%) received an intravenous infusion of 100 mg 
of rt-PA over 3 hours (group A); the decision to admin- 
ister thrombolytic therapy was made by the attending 
physician and was based on the presence of typical pro- 
longed chest pain with ST-segment elevation on the 
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electrocardiogram (1 mm in the limb leads, 2 mm in the 
precordial leads). Rt-PA was always administered with- 
in 4 hours after the onset of symptoms. Exclusion crite- 
ria were: age >70 years, previous resuscitation, active 
bleeding, recent stroke or surgery. Conventional therapy 
was administered to 164 patients (76% of the study 
group) who did not qualify for thrombolytic therapy 
(group B). 

The final diagnosis of AMI was based on the pres- 
ence of typical prolonged chest pain, accompanied by an 
abnormal elevation of total creatine kinase with an MB 
fraction of 210%, and by evolving electrocardiographic 
changes consistent with Q-wave or non-Q-wave AMI. 
All patients had a complete physical examination, serial 
12-lead electrocardiograms and cardiac enzyme deter- 
minations, continuous on-line electrocardiographic mon- 
itoring during at least the first 36 hours after admission, 
a signal-averaged electrocardiogram and a high-resolu- 
tion beat-to-beat recording. In addition, 146 of 223 sur- 
vivors (65%) underwent coronary arteriography at a 
mean of 5 + 3 days (range 1 to 17) after admission, 98 
of 223 (44%) had radionuclide ventriculography, 151 of 
223 (68%) underwent low-level exercise stress testing 
and 194 of 223 (87%) had 24-hour Holter monitoring 
during the in-hospital phase. 

Time-domain signal-averaged electrocardiogram: 
A time-domain signal-averaged electrocardiogram was 
performed in all patients at 10 + 3 days (range 7 to 13) 
after admission. Recordings were performed using the 
signal averager extensively used by our group and previ- 
ously described.'° Band-pass filters are set at 100 and 
300 Hz (12 dB/octave), the peak of R wave is used as 
trigger (jitter <0.5 ms) and bipolar chest leads (be- 
tween V> and V4, V4 and V6) are used. The averaging 
process is performed on 32 consecutive beats in order to 
reduce the baseline noise to 0.3 + 0.2 nV. The record- 
ing (2 uV /cm) is plotted on paper (paper speed of 1,000 
mm/s) together with a reference electrocardiogram 
(200 uV/cm). Quantitative analysis includes: (1) total 
filtered QRS duration (in ms); and (2) interval between 
the end of total QRS complex and the point (deter- 
mined retrogradely) when QRS voltage falls below 40 
nV (I-40, in ms). QRS onset and offset are manually 
determined and all tracings are interpreted by 2 differ- 
ent investigators without knowledge of the patient’s 
group or angiographic status. Ventricular late potentials 
were considered to be present if the 2 following criteria 
were met: (1) total filtered QRS duration >118 ms; and 
(2) I-40 >45 ms (maximal value for normal subjects in 
our laboratory). 

High-resolution beat-to-beat recording: To detect 
dynamic changes of late potentials, we developed a 3- 
channel high-resolution electrocardiogram'? which was 
used together with the time-domain signal averager in 
all patients. The input signal is fed through a preampli- 
fier with a gain of 1,000; the band-pass filtering is made 
by filters of the Sallen-Key type: the high-pass filter 
(—10 dB in the first octave, —20 dB in the second oc- 
tave and —35 dB in the third octave) is adjustable be- 
tween 10 and 150 Hz in 10-Hz step increments; the 
low-pass filter (—20 dB in the first octave and —50 dB 
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in the second octave) is adjustable between 100 and 
1,000 Hz in 100-Hz step increments. A final amplifier 
provides the necessary gain to obtain a 1 to 10 „V/cm 
tracing on the recorder (Siemens Mingograph 82). No 
averaging process is used; in clinical conditions, noise 
level is 1 to 2 uV peak to peak. One channel is used for 
the reference tracing (0.5 mV/cm), and 2 channels for 
high-gain recordings at different high-pass filter set- 
tings. The same chest leads as with the signal averager 
are used. Recordings are performed at the bedside, in a 
nonshielded room, and no premedication is required. 
For each patient, a minimum of 100 consecutive beats is 
recorded in each lead; because noise varies with respira- 
tory movements, analysis is performed during periods of 
least noise level. Noise should be <3 uV peak to peak to 
allow quantitative analysis, and a minimum of 5 inter- 
pretable sequences are analyzed by 2 different cardiolo- 
gists, in a blinded manner. The following measurements 
are obtained: (1) total filtered QRS duration (in ms); 
(2) interval between the end of total QRS and the point 
(determined retrogradely) when QRS voltage falls be- 
low 40 nV (I-40, in ms); and (3) QRS voltage (peak to 
peak) 40 ms before the end of total QRS complex (V40, 
in uV). Ventricular late potentials were considered 
present if the following criteria were met at 100 to 
300 Hz: (1) total QRS duration >100 ms; and (2) I-40 
>30 ms; or (3) V40 <40 uV (maximal value for normal 
subjects in our laboratory). 

Definitions: Ventricular tachycardia is 23 consecu- 
tive complexes of ventricular origin at a rate 2100 
beats/min; sustained is duration 230 seconds or requir- 
ing active termination; nonsustained is duration <30 
seconds and terminated spontaneously; sudden death is 
death occurring within 1 hour of symptoms in a clinical- 
ly stable patient or unexpected death occurring during 
sleep; cardiac death is death from intractable heart 
failure; noncardiac death is death definitely due to a 
noncardiac cause; and 1-, 2- or 3-vessel disease is the 
presence of >70% stenosis in 1, 2 or 3 major coronary 
arteries. 

Statistical analysis: Values are expressed as mean + 
standard deviation. Differences in normally distributed 
continuous variables between 2 groups were compared 
using Student’s ¢ test for unpaired data. Statistical anal- 
ysis of discrete variables was performed using the chi- 
square test. A p value <0.05 was considered statistically 
significant. 


RESULTS 

Clinical data: The characteristics of the study popu- 
lation are listed in Table I. Patients who received 
thrombolytic therapy (group A) were significantly 
younger, had non-Q-wave AMI less often and more fre- 
quently exhibited coronary artery stenosis <70% at an- 
giography. However, there were no differences between 
the 2 groups with respect to the site of AMI, size of the 
infarct, incidence of clinical signs of heart failure or 
global left ventricular ejection fraction. 

Incidence of ventricular late potentials: The inci- 
dence of ventricular late potentials was 10% (6 of 59) in 
patients who received thrombolytic therapy (group A) 


and 24% (39 of 164) in patients who received conven- 
tional medical therapy (group B) (p <0.05). Examples 
of normal and abnormal recordings are presented in 
Figures 1 and 2. Concordant results between time-do- 
main signal-averaging and high-resolution beat-to-beat 
recording were observed in 93% of the patients (207 of 
223). Late potentials were detectable by signal-averag- 
ing in 6 of 6 group A patients and in 34 of 39 group B 
patients; late potentials were detectable by high-resolu- 
tion beat-to-beat electrocardiography in 4 of 6 group A 
patients and in 30 of 39 group B patients (Figure 3). 
Thus, in 2 of 6 group A patients and in 9 of 39 group B 
patients, late potentials were detectable only by time- 
domain signal-averaging techniques, and in 5 of 39 
group B patients, late potentials were detectable only by 
high-resolution beat-to-beat techniques. Despite the sig- 
nificant difference in the incidence of late potentials be- 
tween groups A and B, there was no difference in the 
quantitative high-gain parameters: total filtered QRS 
duration — 109 + 10 ms in group A and 108 + 13 ms 
in group B using time-domain signal-averaging (differ- 
ence not significant [NS]); 93 + 9 ms in group A and 
92 + 10 ms in group B using the high-resolution beat- 
to-beat technique (NS); I-40 — 30 + 13 ms in group A 
and 42 + 14 ms in group B using time-domain signal- 
averaging (NS); 25 + 9 ms in group A and 26 + 11 ms 
in group B using the high-resolution beat-to-beat tech- 
nique (NS). 

Relation between presence of late potentials and 
left ventricular ejection fraction: Mean left ventricular 
ejection fraction was not statistically different between 
patients with (53 + 12%) and without (57 + 12%, p = 
0.08) late potentials. 


bip.V2-V4 


TABLE I Characteristics of Patients With and Without 
Thrombolysis for Acute Myocardial Infarction 


Group A- 
Thrombolysis 
(n= 59) 


55+10 
53/6 
2,155+ 1,616 
214+ 146 
28/59 (47) 
4/59 (7) 
12/59 (20) 
55+10 


Group B- 
No Thrombolysis 
(n= 164) 


61+11* 
123/41 
1,465 + 1,587 
150+ 136 
80/164 (49) 
30/164 (18)* 
40/164 (24) 
55413 


Mean age (+SD) (yr) 
Men/women 
Peak total CK level (U /liter) 
Peak CK-MB level (U /liter) 
Anterior MI (%) 
Non-Q-wave MI (%) 
Heart failure NYHA III-V (%) 
Mean LVEF (%) 
Coronary arteries 
No significant stenosis (%) 
1-vessel disease (%) 
2-vessel disease (%) 
3-vessel disease (%) 
Sustained VT /VF (initial phase) 
(%) 
* p <0.05 versus group A values. 
CK = creatine kinase; LVEF = left ventricular ejection fraction; MI = myocardial 


infarction; NYHA = New York Heart Association; SD = standard deviation; VT/VF = 
ventricular tachycardia /ventricular fibrillation. 


3/103 (3)* 
49/103 (48) 
23/103 (22) 
28/103 (27) 
12/164 (7) 


7/43 (16) 

18/43 (42) 

13/43 (30) 
5/43 (12) 
4/59 (7) 





Relation between presence of late potentials and in- 
farct-related artery patency: Coronary arteriography 
was performed in 146 patients during the in-hospital 
phase of AMI (43 of 59 group A patients and 103 of 
164 group B patients). A patent infarct-related artery 
was present in 35 of 43 group A patients (81%), and in 
45 of 103 group B patients (44%) (p <0.001). No sig- 
nificant differences were found in clinical, angiographic 
and electrocardiographic characteristics between pa- 
tients with and without a patent infarct-related artery 





FIGURE 1. High-gain recording in a 71-year-old patient with acute anterior myocardial infarction and successful reperfusion af- 


ter recombinant tissue-type 
filters of 100 and 300 Hz; recording 


(1X, 2 .V/cm), and noise level 1.5 4V peak to peak; b. 
aging of 32 


signal 
consecutive cardiac cycles (32x), and noise level <0.3 .V; C., reference 


en activator administration (group A). Bipolar chest lead between V2 and V4; band-pass 
11 days after myocardial infarction. a., high 
, time-domain 


high-resolution beat-to-beat 
recording (2 .V/cm) obtained by the aver- 
electrocardiogram (0.5 mV/cm). The total 


filtered QRS duration is 110 ms, and no ventricular late potentials are present in the terminal portion of the QRS complex. 
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FIGURE 2. High-gain recording in a 67-year-old patient with acute inferior myocardial 

lytic therapy (group B). Bipolar chest lead between V2 and V4; band-pass filters of 100 and 300 Hz; recording performed 10 

beat-to-beat recording (1X, 2 . V/cm), and noise level 1.2 ¿V peak-to-peak; 
electrocardiogram 


beat-to-beat high electrocardiography (1X). 


(Table II). The incidence of late potentials was 13% (10 
of 80) in patients with a patent infarct-related artery (3 
of 35 patients with and 7 of 45 patients without throm- 
bolytic therapy) compared with 26% (17 of 66) in pa- 
tients with an occluded infarct-related artery (1 of 8 
patients with and 16 of 58 patients without thrombolyt- 
ic therapy) (p <0.05). 

The total filtered QRS duration with signal-averag- 
ing and the I-40 with the high-resolution beat-to-beat 
technique were significantly longer in patients with an 
occluded infarct-related artery: total filtered QRS du- 
ration — 108 + 13 ms in patients with a patent in- 






GROUP B 
n= 164 


GROUP A 
n=59 


SA-ECG 
HR-ECG 


FIGURE 3. Concordance of results between time-domain sig- 
nal-averaging (SA-ECG) and high-resolution beat-to-beat elec- 
trocardiography (HR-ECG) for the noninvasive detection of 
ventricular late potentials, in patients with thrombolysis (n = 
59) and in patients with conventional medical treatment (n = 
164). See text for details. 
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. a., high-resolution 
recording (32X, 2 V/cm), and noise level <0.2 4V; c., reference 







(0.5 mV/ 


farct-related artery and 113 + 14 ms in patients with 
an occluded infarct-related artery with time-domain 
signal-averaging (p <0.05); 93 + 9 and 96 + 14 ms, 
respectively, with the high-resolution beat-to-beat tech- 
nique (NS); I-40 — 42 + 14 ms in patients with a pat- 
ent infarct-related artery and 47 + 14 ms in patients 
with an occluded infarct-related artery with time-do- 
main signal-averaging (NS); 22 + 8 and 26 + 11 ms, 








TABLE II Characteristics of Patients With and Without a 
Patent Infarct-Related Artery 


Patency of Occlusion of 
Infarct-Related Infarct-Related 
Artery Artery 


(n= 80) (n = 66) 


































Mean age (+SD) (yr) 57+10 55+10 
Men/women 65/15 54/12 
Peak total CK level (U /liter) 1,59741,895 1,720+1,615 
Peak CK-MB level (U /liter) 1534129 1814173 
Anterior MI (%) 38/80 (48) 27 /66 (41) 
Non-Q-wave MI (%) 11/80(14) 14/66 (21) 
Heart failure NYHA III—IV (%) 15/80 (19) 11/66 (17) 
Mean LVEF (%) 57+11 54412 
Coronary arteries 
No significant stenosis (%) 10/80 (13) 0/66 (0) 
1-vessel disease (%) 35/80 (44) 32/66 (48) 
2-vessel disease (%) 19/80 (23) 17 /66 (26) 
3-vessel disease (%) 16/80 (20) 17/66 (26) 
Sustained VT /VF (initial phase) 7/80 (9) 2/66 (3) 
(%) 
Holter data 
Polymorphous VPCs (%) 11/69 (16) 14/55 (25) 
Couplets (%) 12/69 (17) 9/55 (16) 
Nonsustained VT (%) 5/69 (7) 2/55 (4) 





p <0.05 versus group A values. 
VPCs = ventricular premature complexes; other abbreviations as in Table |. 


respectively, with the high-resolution beat-to-beat tech- 
nique (p <0.05). 

Relation between thrombolytic therapy and results 
of 24-hour Holter monitoring: A 24-hour Holter re- 
cording was performed in 87% of the study group before 
hospital discharge (194 of 223): 53 of 59 group A pa- 
tients and 141 of 164 group B patients. There was no 
difference between patients with and without thrombo- 
lytic therapy with respect to the presence of polymor- 
phous ventricular premature complexes (11 of 53 in pa- 
tients with vs 31 of 141 in patients without thrombolytic 
therapy, NS), presence of couplets (10 of 53 in patients 
with vs 26 of 141 in patients without thrombolytic ther- 
apy, NS), or presence of runs of nonsustained ventricu- 
lar tachycardia (3 of 53 in patients with vs 11 of 141 in 
patients without thrombolytic therapy, NS). Nonsus- 
tained episodes of accelerated idioventricular rhythm 
(rate <100 beats/min) were observed in 3 of 53 pa- 
tients with and in 0 of 141 patients without thrombolyt- 
ic therapy (p <0.01). Similarly, no significant differ- 
ences were found in the frequency of complex ventricu- 
lar arrhythmias between patients with and without a 
patent infarct-related artery (Table II). 

Follow-up data: During a mean follow-up of 16 + 
4.5 months, 17 of 223 patients (7.6%) died and 24 of 
223 (11%) were lost to follow-up (6 of 59 in group A 
and 18 of 164 in Group B). Only 1 death occurred in 
the group of patients who had received thrombolytic 
therapy: this patient had late potentials at hospital dis- 
charge and died suddenly 8 weeks after AMI. In the 
conventionally treated group 16 deaths were observed 
(p <0.05 vs group A patients): 8 patients died suddenly, 
3 from cardiogenic shock, 3 from noncardiac causes and 
2 from unknown causes. Among these 16 patients, 5 
had late potentials before hospital discharge and all 5 
died suddenly: 3 of 5 had late potentials on time-domain 
signal-averaging and on the high-resolution beat-to-beat 
recording, and 2 of 5 had late potentials only on the 
high-resolution beat-to-beat recording. All patients who 
died nonsuddenly had normal signal-averaged and high- 
resolution beat-to-beat recordings. Characteristics of 
patients who died suddenly during follow-up are listed 
in Table III. For predicting sudden death, the presence 
of late potentials had a sensitivity of 67% and a specific- 
ity of 80%. 


DISCUSSION 

Several recent studies have shown that signal-aver- 
aged electrocardiography provides important prognostic 
information in identifying patients at risk of arrhythmic 
events after AMI.*-'* Late potentials are only rarely in- 
fluenced by drugs and only surgical exclusion of ar- 
thythmogenic tissue has been shown to suppress late po- 
tentials.*!°0 Thus, any intervention leading to a sup- 
pression of late potentials is expected to reduce the risk 
of ventricular tachycardia and sudden death in patients 
after AMI. In the present study, we have shown that 
thrombolysis reduces the frequency of late potentials 
from 24 to 10% in a large group of unselected patients 
presenting with a first AMI. Similar results have re- 
cently been published by others in smaller groups of pa- 








TABLE Ill Characteristics of Patients Who Died Suddenly 
During Follow-Up 












Sudden Death Alive 
(n=9) (n= 182) 


7344* 60411 

















Mean age (+SD) (years) 











Men/women 6/3 143/39 
Anterior MI (%) 5/9 (56) 85/182 (47) 
Non-Q-wave MI (%) 0/9 (0) 29/182 (16) 
Heart failure NYHA III—IV (%) 7/9 (78)* 36/182 (20) 
Mean LVEF (%) 43+11* 56412 
Sustained VT/VF (initial phase) (%) 3/9 (33)* 10/182 (5) 
Thrombolysis (%) 1/9(11) 44/182 (24) 
Ventricular late potentials (%) 6/9 (67)* 31/182 (17) 





* p <0.01 versus values while alive. 
Abbreviations as in Table |. 


tients?!-?3 and may, at least in part, explain the benefi- 
cial effect of early thrombolytic therapy on mortality 
after AMI.!>!6 In our study, the mortality rate after 
AMI was significantly lower in patients who had re- 
ceived early thrombolytic therapy compared with pa- 
tients who had conventional medical therapy (1 of 59 vs 
16 of 164, p <0.05). Although the number of deaths 
and arrhythmic events is too small to allow a definite 
conclusion, we observed that half of the deaths during 
follow-up were sudden. Moreover, most patients who 
died suddenly during follow-up had late potentials be- 
fore hospital discharge; this observation is in accor- 
dance with previous prospective studies in patients af- 
ter AMI..!4 

The reduced incidence of late potentials produced by 
rt-PA in our study was independent of global left ven- 
tricular function because the mean ejection fraction was 
similar in group A and B patients. This observation is in 
accordance with previous studies on electrical stability 
after thrombolysis for AMI.!7-! In our study, as in oth- 
ers,?'?3 the favorable effect of thrombolytic therapy was 
related to patency of the infarct-related artery; the ex- 
act mechanism by which reperfusion reduces the inci- 
dence of late potentials is unclear, but several well-con- 
ducted prospective studies have shown that patients 
with early thrombolysis had improved arrhythmia-free 
survival and electrical stability.'’ Thrombolytic therapy 
may reduce ischemia in the border zone of the infarct, 
may change electrophysiologic properties of surviving 
cells, may influence the remodeling process after AMI”4 
or may facilitate focal hemorrhage’: All these effects 
may suppress slow and inhomogeneous conduction and, 
thus, late potentials. Although comparable to the results 
of Gang et al,” our findings contrast with those of Tu- 
ritto et al, who recently reported that thrombolysis 
had no effect on the signal-averaged recording. This dis- 
crepancy may be explained by (1) a smaller number of 
patients, (2) a longer delay in Turitto’s report between 
onset of symptoms and thrombolysis, (3) differences in 
the thrombolytic agent used, and (4) differences in 
methodology for the detection of late potentials. Thé- 
roux et al?” showed that the number of ventricular pre- 
mature beats per hour was reduced by 50% in patients 
who received streptokinase, and that this reduction in 
ventricular premature beats may at least partly explain 
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the long-term benefit of reperfusion. Our data do not 
confirm these results, since the number and complexity 
of ventricular premature beats during Holter monitor- 
ing was identical in patients with and without thrombo- 
lytic therapy. 

Two different techniques were used to detect late po- 
tentials in the present study: time-domain signal-averag- 
ing and high-resolution beat-to-beat electrocardiogra- 
phy. Signal-averaging is an established method to detect 
late potentials from the body surface, although some 
controversies exist regarding optimal filter settings, cri- 
teria to define an abnormal recording,”* or optimal re- 
cording time after AMI; in this study, we performed 
signal-averaging just before hospital discharge because 
several studies have shown dynamic changes during the 
first week after AMI.!>!4 The incidence of late poten- 
tials in our study was 24% in patients with conventional 
therapy, a figure that is in the lower range of published 
data®!4; A similar low rate was found by Gang?” and 
Turitto,2° and their co-workers, and may be explained 
by the fact that only patients with a first AMI were 
included in our study. The high-resolution beat-to-beat 
technique is a new, experimental method developed to 
detect late potentials on a beat-to-beat basis.'? Theoreti- 
cally, this approach may allow the identification of dy- 
namic changes of late potentials which, by definition, 
are eliminated by time-domain signal-averaging. Previ- 
ous studies??3° have demonstrated that this technique 
may be clinically useful, and preliminary data from our 
institution have shown that 8% of patients with chronic 
stable coronary artery disease have late potentials that 
cannot be detected by time-domain signal-averaging.'° 
In 11 cases (5%) of the present study, late potentials 
were detected only by time-domain signal-averaging 
due to an insufficient signal-to-noise ratio. However, in 
5 cases (2.2%), late potentials were detected only by the 
high-resolution technique because of dynamic changes 
in morphology, duration, or timing of late potentials on 
a beat-to-beat basis, or a combination of these. Two of 
these 5 patients died suddenly during follow-up. This 
result deserves confirmation because it remains un- 
known whether ventricular late potentials with dynamic 
changes are more arrhythmogenic than those that are 
stable and constant. 

Study limitations: This study was prospective, but 
patients were not randomized to treatment with or with- 
out thrombolytic agents: Possible systematic bias that 
would exclude the control group from thrombolysis are 
not completely excluded. However, because recent evi- 
dence demonstrates that thrombolysis improves surviv- 
al,!516 withholding such therapy for research purpose 
would be unethical. Moreover, both rt-PA and conven- 
tional treatment groups were matched with regard to 
most clinical variables (except age), and the incidence 
of late potentials in the control group was similar to the 
previously reported figures for patients after AMI.°'4 
The technique for time-domain signal-averaging used in 
this study is different from the technique initially de- 
scribed by Simson. Abnormal criteria are derived from 
data obtained in normal subjects!° and are not strictly 
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comparable to criteria defined with other systems at dif- 
ferent high-pass filter settings. The beat-to-beat tech- 
nique is still experimental and needs further validation; 
however, this new technique may be helpful in identify- 
ing patients at risk of sudden death after AMI.!92930 
Coronary angiography was performed in all patients 
<55 years old; for older patients, the decision to per- 
form coronary angiography was based on the presence 
of residual chest pain or on a positive stress test, or both. 
Finally, the number of deaths and arrhythmic events in 
this study is too small to allow a definite conclusion 
about the prognostic significance of late potentials after 
AMI; however, our results confirm all previously pub- 
lished results.?:!2!4 
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Late Outcome of Survivors of Out-of-Hospital 
Cardiac Arrest With Left Ventricular Ejection 
Fractions >50% and Without Significant 
Coronary Arterial Narrowing 


Peter J. Kudenchuk, MD, Leonard A. Cobb, MD, H. Leon Greene, MD, 
Carol E. Fahrenbruch, MSPH, and Florence H. Sheehan, MD 


In a retrospective survey of 1,195 survivors of out- 
of-hospital ventricular fibrillation, 43 patients were 
identified in whom left ventricular ejection fraction 
was 20.50 and in whom no coronary artery steno- 
sis of >50% luminal diameter were present. Thir- 
teen (30%) of these patients had hypokinesia on 
left ventriculography, and 20 patients (47%) had a 
persistently abnormal electrocardiogram. Seven pa- 
tients (16%) had recurrent out-of-hospital cardiac 
arrest during an average follow-up of 86 + 54 
months. The presence of either wall motion or elec- 
with a several-fold higher risk of recurrent cardiac 
arrest than those without such abnormalities. The 
risk for recurrent cardiac arrest within 5 years was 
30% in those with abnormal electrocardiograms 
versus 5% in the others (p <0.03). Age was an in- 
dependent predictor of recurrent cardiac arrest in 
this group (p <0.01); surprisingly, recurrent cardi- 
ac arrest was occurring more often among younger 
patients. 

Although cardiac arrest is unusual in patients 
without major structural heart disease, its recur- 
rence in such survivors is common. Patients at rela- 
tively high risk for recurrent ventricular fibrillation 
can be identified by their youth and by abnormali- 
ties detected on the surface 12-lead electrocardio- 
gram or by contrast left ventriculography. 

(Am J Cardiol 1991;67:704-708) 
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young and ostensibly healthy, are usually found 

to have significant structural heart disease.!~3 
Previous studies in survivors have related the risk of re- 
current cardiac arrest to the severity of coronary artery 
disease and to the severity of left ventricular (LV) dys- 
function.+> Among survivors of ventricular fibrillation 
(VF) without such major structural heart disease, pre- 
dictors of recurrent out-of-hospital cardiac arrest are 
less well defined. This study describes predictors of mor- 
tality and recurrent out-of-hospital cardiac arrest in pa- 
tients whose cardiac evaluation after resuscitation iden- 
tified no major structural abnormalities. 


\ Jictims of out-of-hospital cardiac arrest, even if 


METHODS 

Patients: The structure and components of Seattle’s 
rapid response emergency care system have been report- 
ed previously.® Since the inception of this program, a 
registry and follow-up of all patients resuscitated from 
out-of-hospital cardiac arrest have been maintained. Be- 
tween March 1970 and March 1989, 5,105 patients 
were treated for out-of-hospital cardiac arrest, in whom 
VF was the first observed cardiac rhythm. Of 1,195 sur- 
vivors of out-of-hospital VF, results of cardiac catheter- 
izations were available in 528 patients. The patients had 
been initially treated in any of 14 Seattle hospitals, and 
the cardiac catheterizations were performed in 1 of 7 
institutions. A retrospective survey of this population 
identified 43 survivors of out-of-hospital cardiac arrest 
who met all of the following criteria: (1) VF as the ini- 
tial rhythm documented by the fire department para- 
medics, (2) performance of coronary angiography and 
contrast left ventriculography within 6 months of VF, 
(3) contrast LV ejection fraction 20.50, and (4) no cor- 
onary artery stenoses of >50% luminal diameter. Half 
of these 43 arrests occurred before 1981. 

Evaluation: All data were analyzed without knowl- 
edge of patients’ subsequent follow-up course. Histori- 
cal, physical examination and laboratory records de- 
rived from hospital or clinic charts, paramedic incident 
reports and personal interviews were surveyed in all 43 
patients. 

Serial electrocardiograms from the 43 patients were 
available from at least the first 2 days after cardiac ar- 
rest, and were reinterpreted by 21 of us. 





TABLE I Clinical Characteristics of Patients 









Characteristics No. of Patients (%) 








Sex 


































Men 33 (77) 
Women 10 (23) 
Prior medical history (not mutually 
exclusive) 
None 9(21) 
Hypertension 9(21) 
Chest pain 14(33) 
Myocardial infarction 1(2) 
Atrial arrhythmia* 9(21) 
Syncope /presyncope 3(7) 
Alcohol use 9(21) 
Heart murmur 3(7) 
Cigarette smoking 21 (43) 
Activity at time of index cardiac arrest 
Sedentary 25 (58) 
Physically active 13 (30) 
Asleep 3(7) 
Unknown 2(4) 
Medications prescribed at time of index 
cardiac arrest 
None 27 (63) 
Noncardiac 7 (16) 
Diuretics 6(14) 
Digoxin 4(9) 
B blocker 4(9) 
Antiarrhythmic+ 3(7) 
Admission serum potassium 
concentration (mEq /liter) 
23.2 33 (85) 
2.7-3.1 6 (15) 
Coronary arteries 
Normal 29 (67) 
<50% diameter narrowing 14 (33) 
10-20% narrowing 7 (16) 
21—49% narrowing 7 (16) 








* Paroxysmal atrial fibrillation, flutter or atrial tachycardia. 
t For atrial arrhythmias. 


Coronary angiograms and contrast left ventriculo- 
grams from all 43 patients were available and reviewed 
by 3 of the authors who were unaware of the identity of 
the patients. Coronary stenoses were measured on a 
projection screen with calipers and expressed as percent 
luminal diameter. Disagreements were resolved by con- 
sensus. LV wall motion and ejection fraction were as- 
sessed visually, and also quantitatively analyzed in the 
30° right anterior oblique projection by the centerline 
and area-length methods, respectively.” Wall motion ab- 
normalities were localized to any of 5 LV wall segments 
(anterobasal, anterolateral, apical, inferior or postero- 
basal) during both visual and quantitative assessment. 
In 15 patients, quantitative left ventriculography could 
not be performed because of technical limitations, and 
LV function was assessed visually. The extent of addi- 
tional testing and treatment in these 43 survivors of out- 
of-hospital cardiac arrest was individualized according 
to their physicians. 

Follow-up: Follow-up was obtained annually for all 
patients by mailed questionnaires, by clinic visits, or by 
telephone contact with the patient, family or physician. 
In addition, paramedic records, hospital charts or medi- 
cal examiners’ reports were reviewed whenever patients 





TABLE Il Persistent Electrocardiographic Abnormalities 


Electrocardiogram n(%) 


None (normal electrocardiogram) 

T-wave inversion 

Left ventricular hypertrophy 
with repolarization abnormality 

>1-mm ST depression 

Left bundle branch block 

Left-axis deviation 

>1-mm ST elevation 

T-wave inversion & nonspecific 
ST changes 

Atrial fibrillation, T-wave inversion 
& intraventricular conduction 
delay 

Intraventricular conduction delay 
& T-wave inversion 

Left-axis deviation & T-wave 
inversion 


died or were rehospitalized. The duration of follow-up 
was calculated from the date of the initial cardiac arrest 
to: (1) recurrent cardiac arrest, (2) death from any 
cause, or (3) the most recent contact with the patient by 
mailed questionnaire (April 1989). Mean follow-up was 
86 + 54 months (range 7 to 201). Recurrent cardiac 
arrest was defined as an out-of-hospital unanticipated 
collapse attributed to a cardiac arrhythmia. This defini- 
tion included fatal arrests, successful resuscitations, or 
discharge from an automatic implanted cardioverter-de- 
fibrillator that followed an abrupt loss of consciousness. 

Data analysis: Statistical analyses were performed 
using Student’s t, chi-square and Fisher’s exact tests. A 
multivariate Mantel-Cox survival analysis model with 
stepwise variable selection was used to assess predictors 
of mortality and recurrent cardiac arrest. A Mann- 
Whitney analysis was used for nonparametric statistics. 
Values were considered insignificant at p >0.10 (2- 
tailed). 


RESULTS 

Patients: Patients ranged in age from 20 to 73 years 
(mean + standard deviation 47 + 13); 33 (77%) were 
men. Their other characteristics are listed in Table I. 
Although 34 patients (79%) had histories that might 
suggest cardiac abnormalities, none had recognized 
structural heart disease; none had a history of sustained 
ventricular tachyarrhythmias; and only 1 patient had a 
prior myocardial infarction (with an entirely normal 
coronary angiogram). At the time of cardiac arrest, 
most patients (63%) were not taking any medications, 
nor engaging in physical activity (70%). No patients 
sustained an arrest associated with acute ingestion of a 
toxic substance. Nearly half of the patients were habitu- 
al cigarette smokers. 

Electrocardiograms: The patients had an average of 
5 + 2 electrocardiograms (range, 2 to 11; median, 5 
tracings) performed over a mean of 8 + 6 days (range, 
2 to 25; median, 6) of hospital admission after cardiac 
arrest. Serial electrocardiograms remained abnormal in 
20 of the 43 patients (47%) throughout their hospital 
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TABLE Ill Treatment of Patients During Follow-Up 


Alive—No 
Recurrent 
Cardiac 
Arrest 


9(75%) 
26 (84%) 
11(26) 10(91%) 
10(23) 10 

2 (5) 0 

3(7) 2 (67%) 1 (33%) 

Antiarrhythmic 9(21) 6(67%) 2(22%) 1(11%) 
Platelet inhibitor 7 (16) 7 0 (0) 

* No significant differences in survival or recurrent cardiac arrest between treated 
and untreated patients. 

t Listed therapies are not exclusive. For example, patients treated with both a 6 
blocker and an antiarrhythmic drug are tabulated in both the 8 blocker and antiar- 
rhythmic groups. 

AICD = automatic implantable cardioverter defibrillator. 


Recurrent 
Cardiac 


Treatment Arrest 


12 (28) 
31 (72) 


3 (25%) 
4(13%) 
1(9%) 


No cardiac therapy* 
Any cardiac therapyt 
8 blocker 
Calcium blocker 
AICD 
Digoxin 


stay (Table II). However, none had persistent prolonga- 
tion of the QT interval, preexcitation, or new or remote 
Q waves indicative of myocardial infarction. Electrocar- 
diograms did not significantly change in any of the 23 
patients (11 normal and 12 abnormal) who also had 
follow-up tracings available over a period of 292 + 400 
days (range 12 to 1,573) after hospital discharge. 

Cardiac catheterization: Cardiac catheterization 
with coronary angiography and contrast left ventric- 
ulography was performed within 6 months of cardiac 
arrest in all patients, in 30 (70%) within 1 month after 
arrest. LV end-diastolic pressures were normal (<12 
mm Hg) in 27 of 38 patients (71%) in whom this mea- 
surement was available. 

Thirteen patients (30%) had LV wall motion abnor- 
malities (Figure 1). These were characterized (by visual 
assessment in all 43 patients, as well as by quantitative 
ventriculography in 28 patients) as focal hypokinesia in 
11 patients (85%), multisegmental hypokinesia in 1 pa- 
tient (8%), and diffuse hypokinesia in 1 patient. No pa- 
tient had paradoxical LV wall motion or an aneurysm. 
Of the 4 cases (14%) in which there was disagreement 
between visual and quantitative assessment of LV wall 
motion, the quantitative analysis was reported (in all 4 
cases, the visual interpretation was considered normal). 

There was no consistent relation between the loca- 
tion of LV wall motion abnormalities and the anatomic 
distribution of any nonobstructive coronary artery ste- 
noses (<50% diameter narrowing). Thus, among the 14 
patients with nonobstructive coronary artery disease, 10 





(30) y 











Diffuse (1) 
Multisegmental (1) 
Anterobasal (1) 
Inferior (2) 


Apical (4) 


Anterolateral (4) 





FIGURE 1. Prevalence and location of left ventricular wall mo- 
tion abnormalities among 43 patients with out-of-hospital car- 
diac arrest. 
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TABLE IV Predictors of Recurrent Cardiac Arrest 
(Multivariate Cox Analysis) 


Recurrent 
Cardiac 


Arrest (%) p Value 


Total group 
Left ventricular 
ejection fraction 
20.6 


20.5<0.6 
ECG 
Normal 


Abnormal 
Left ventricular 
wall motion 

Normal 


Abnormal 
ECG or wall motion 
Both normal 


Either abnormal 


Age* 


* Average age at the time of the index cardiac arrest was 37 + 14 years for those 
who had recurrent arrest, compared with 49 + 12 for those who survived without 
recurrent cardiac arrest (p <0.01). 

ECG = electrocardiogram. 





patients (71%) had no LV wall motion abnormalities, 2 
(14%) had wall motion abnormalities that corresponded 
to the distribution of the nonobstructive coronary artery 
lesions, and 2 others had wall motion abnormalities that 
did not correlate with the distribution of coronary steno- 
ses. 
As practices varied considerably in the 14 hospitals 
where patients were evaluated and treated, other diag- 
nostic studies were not consistently performed. Similar- 
ly, treatment was selected and individualized by the pa- 
tients’ physicians. Overall, cardiac-directed therapy was 
not significantly associated with recurrent cardiac arrest 
or survival (p >0.3) (Table III). 

Predictors of recurrent cardiac arrest: The 43 pa- 
tients experienced a total of 7 recurrent cardiac arrests 
(16%): 3 fatal and 2 successful resuscitations, as well as 
2 others who received a discharge from an implanted 
automatic cardioverter-defibrillator. By Cox multivari- 
ate survival analysis, the presence of either persistent 
electrocardiographic or segmental LV wall motion ab- 
normalities during contrast ventriculography defined 
patient groups with a higher risk of recurrent cardiac 
arrest during follow-up (Table IV). For example, the 
risk for recurrent cardiac arrest within 5 years was 30% 
in those with abnormal electrocardiograms compared 
with 5% in the others (p <0.03, Figure 2A). Among 
patients with preserved global ejection fraction, but with 
a wall motion abnormality, the risk for recurrent arrest 
within 5 years was 35%, compared with 10% in the oth- 
ers (p <0.06, Figure 2B). In patients with either an ab- 
normal electrocardiogram or wall motion abnormality, 
the risk for recurrent cardiac arrest within 5 years was 
26%, compared with 6% in those with a normal electro- 
cardiogram and no wall motion abnormality (p <0.08, 
Figure 2C). Neither the location of the LV wall motion 


abnormality nor the nature of the electrocardiographic 
irregularity were individually predictive of recurrent 
cardiac arrest. 

Age was also found to be a predictor of recurrent 
cardiac arrest in this group. Surprisingly, age was a 
negative independent predictor: younger patients fared 
less well than older. Patients in whom cardiac arrest 
recurred were younger at the time of their initial event 
(37 + 14 years) than those without recurrent cardiac 
arrest (49 + 12 years, p <0.01). 


DISCUSSION 

Cardiac arrest in patients without major structural 
heart disease is unusual.8 The cause of VF in such pa- 
tients is typically obscure; drug abuse, primary conduc- 
tion system disease, coronary artery spasm and subclini- 
cal myocarditis have all been reported as potential etiol- 
ogies.”"'3 Many diagnostic and therapeutic interventions 
in this frequently young and ostensibly healthy group of 
patients are possible. The extent of evaluation or opti- 
mal treatment largely hinges on the identification of 
those at high risk for recurrent sudden cardiac death. 

Previous studies of out-of-hospital VF have focused 
predominantly on patients with significant atheroscle- 
rotic coronary artery disease. In such persons, the risk 
of recurrent cardiac arrest is approximately 20% during 
the first year, and as high as 58% at 5 years.'4 Recur- 
rence in these patients has been linked to the presence 
of widespread obstructive coronary artery disease, lower 
ejection fraction and more severe abnormalities of LV 
contraction.*!> The prognosis in survivors of cardiac ar- 
rest without obstructive coronary artery disease and 
with preserved LV ejection fraction has not been de- 
fined. However, the present study demonstrates that re- 
current cardiac arrest in such patients is common and is 
far in excess of observed mortality in a comparably 
aged population without coronary artery disease (<1% 
per year).!6 

The salient findings of this study suggest that resus- 
citated patients without major structural heart disease 
can be stratified for risk of recurrent sudden death syn- 
drome by age and by abnormalities on the 12-lead elec- 
trocardiogram or on left ventriculography. Younger pa- 
tients, and those with persistent electrocardiographic or 
LV wall motion abnormalities after cardiac arrest, com- 
prise a group with a several-fold higher risk for recur- 
rent cardiac arrest. 

By what mechanism might such abnormalities pre- 
dispose to recurrent VF? It has been suggested that pat- 
terns of regional LV wall motion may be associated 
with intramyocardial conduction asynchrony, which, in 
turn, may be a precondition for initiating and sustaining 
VF." Disruption of the normal surface electrocardio- 
graphic pattern could also serve as another expression of 
such intramyocardial conduction asynchrony, and pre- 
disposition to VF. Why younger patients fare more 
poorly than older patients is less clear. Perhaps cardiac 
arrest in a younger individual identifies a more seriously 
deranged or unstable substrate than that in older vic- 
tims. 

Study limitations: This is a descriptive, retrospective 
study of resuscitated patients, selected by normal or 


ng eee 


near-normal cardiac catheterization findings. Acute 
thrombosis (with spontaneous thrombolysis) or spasm 
at the site of an insignificant coronary artery lesion 
could have precipitated cardiac arrest in some patients. 
However, no relation was observed between the location 
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FIGURE 2. Cumulative survival free of recurrent cardiac ar- 
rest in 43 patients with out-of-hospital cardiac arrest (Mantel- 
Cox multivariate analysis). Survival is shown for patients: A, 


electrocardiogram or left ventricular hypokinesia. In 
each plot, the percent survival is shown at 1 and 5 years. 
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of LV wall motion abnormalities and the anatomic dis- 
tribution of any nonobstructive coronary artery narrow- 
ings to raise suspicion for such a cause. Other diagnostic 
studies, such as exercise testing, endomyocardial biopsy, 
invasive electrophysiologic testing or ergonovine chal- 
lenge were not consistently performed, and therefore the 
predictors of recurrent cardiac arrest defined by this 
study are not necessarily exhaustive. Therapy was not 
prospectively assigned, but the effect of no cardiac ther- 
apy versus any cardiac therapy on survival after cardiac 
arrest did not appear to be significant. However, given 
the higher frequency of recurrent cardiac arrest in 
younger patients and in those with electrocardiographic 
or LV wall motion abnormalities, such survivors merit 
close scrutiny and consideration for aggressive interven- 
tion. 
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Comparison of Clinical and Electrophysiologic 
Features of Preexcitation Syndromes in Patients 
Presenting Initially After Age 50 Years with 
Those Presenting at Younger Ages 


Lynda E. Rosenfeld, MD, Alice M. Van Zetta, BSN, and William P. Batsford, MD 


Although patients may develop arrhythmias due to 
preexcitation syndromes at any time from the pre- 
natal period to late adulthood, presentation in late 
adulthood is considered uncommon and has not 
been well studied. From June 1981 to June 1989, 
73 patients were documented to have preexcitation 
syndromes on the basis of electrophysiologic stud- 
ies. Those whose initial arrhythmias appeared at 
an age >50 years (group 1, n = 13) were compared 
with the remaining 60 patients (group 2). 

All group 1 patients presented in the setting of 
acute medical or surgical diseases (n = 7), or 
chronic cardiac disease (n = 6) commonly associ- 
ated with middle age and often with atrial arrhyth- 
mias; only 13 group 2 patients had underlying ill- 
nesses (p = 0.0001). Almost two-thirds of group 2 
patients were evaluated because of narrow com- 
plex orthodromic tachycardia or palpitations and 
electrocardiographic evidence of preexcitation. 
Wide complex tachycardia was more often a reason 
for referral of older patients (7 of 13 vs 11 of 60, p 
<0.05), among whom atrial fibrillation/flutter also 
tended to be more frequent (4 of 13 vs 11 of 60, 
difference not significant). The PR and QRS inter- 
vals of group 1 patients were within the normal 
range and differed significantly from those of group 
2 patients (PR, 0.15 + 0.04 vs 0.11 + 0.03 sec- 
ond, p <0.001; QRS, 0.09 + 0.01 vs 0.12 + 0.03 
second, p <0.001), making electrocardiographic 
identification of preexcitation more difficult in 
group 1. Several factors likely contributed. Con- 
cealed bypass tracts tended to appear more fre- 
quently in older patients (5 of 13 vs 8 of 60, p = 
0.047), but intraatrial conduction delays as mea- 
sured by the P-wave duration (103 + 21 vs 90 + 
16 ms, p = 0.023), and the time from the onset of 
the P wave to the low right atrial electrogram (48 
+ 19 vs 38 + 15 ms, p = 0.042) may have con- 
tributed. 
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Thus, as in infancy, specific age-related descrip- 
tors characterize patients presenting with preexci- 
tation syndromes over the age of 50 years. Aware- 
ness of these descriptors will facilitate care of these 
adults. 

(Am J Cardiol 1991;67:709-712) 


short P-R interval in healthy young people prone 

to paroxysmal tachycardia,”! preexcitation syn- 
dromes have been most extensively described in infants 
and children. Although patients may develop symp- 
toms due to these syndromes at any age, presentation in 
late adulthood has been thought to be uncommon and 
has not been well studied. Several distinctive age-related 
presentations of preexcitation syndromes have been de- 
scribed, including hydrops and congestive heart failure 
in association with narrow complex tachycardia in the 
prenatal period and during infancy,? and exercise-relat- 
ed palpitations or orthodromic tachycardia in adoles- 
cence and early adulthood.‘ It is the purpose of this 
study to identify and characterize a group of patients 
whose initial symptoms due to a preexcitation syndrome 
appeared after the age of 50 years. 


S ince the initial report of “Bundle branch block with 


METHODS 

Patients: From June 1981 to June 1989, 73 patients 
were documented to have preexcitation syndromes at 
electrophysiologic studies performed in the Adult Car- 
diac Electrophysiology Laboratory of the Yale-New 
Haven Hospital. Patient records were reviewed and 13 
patients >50 years old at the time of their initial symp- 
toms were identified. They form the study population 
(group 1). They were compared with the remaining 60 
patients who were <50 years old at the time of their 
presenting symptoms (group 2). 

Initial symptoms began appearing in group 1 pa- 
tients at a mean (+ standard deviation) age of 63 + 8 
years; patients underwent electrophysiologic testing at 
age 66 + 6 years. Symptoms began appearing at age 18 
+ 13 years in group 2 patients, who were aged 31 + 15 
years at the time of study. The youngest group 2 patient 
was 6 years old, and although 9 group 2 patients were 
>50 years old at the time of evaluation, they had had 
symptoms for many years. The time from the onset of 
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symptoms to study was shorter in group 1 (3 + 3 vs 13 
+ 13 years, p <0.001). The groups did not differ in sex 
distribution (6 of 13 vs 34 of 60 men, difference not 
significant). 

Electrophysiologic studies: Electrophysiologic eval- 
uations were performed with standard techniques,'? in 
the postabsorptive drug-free state after informed con- 
sent was obtained. “Wide complex tachycardia” was de- 
fined as a regular tachycardia with a wide (>0.12 sec- 
ond) and sometimes bizarre QRS complex, for which 
the exact diagnosis was often not certain at the time of 
initial referral to the electrophysiology service. 

Statistics: Categorical data were evaluated by chi- 
square analysis with Yates’ correction or Fisher’s exact 
test. Numerical data were analyzed by the Student t 
test for unpaired data and, where appropriate, the Wil- 
coxon rank sum test. The CLINFO computer resource 
was used for data analysis. Data are expressed as mean 
+ standard deviation. Statistical significance is defined 
as p <0.05. 


RESULTS 

A number of clinical and electrophysiologic charac- 
teristics of group 1 patients, who represent 18% of those 
studied in our laboratory during this period and found 
to have preexcitation syndromes, differ significantly 
from those of the younger patients. 

All 13 older patients presented with their initial ar- 
rhythmia in the setting of acute medical or surgical dis- 
eases, or chronic structural or electrical heart disease 
often associated with middle age. Significantly fewer 
(13 of 60) group 2 patients had associated cardiac or 
systemic illnesses at the time of presentation (p = 
0.0001). Among the younger patients, 4 had cardiomy- 
opathies (hypertrophic in 1), 4 had asthma (mild and 
not associated with acute arrhythmias in 3), 3 had val- 
vular/congenital heart disease (1 with Ebstein’s anoma- 
ly), and 2 had hypertension/angina. Group 1 patients 


Presentation 


10% 
Group 2 


Narrow Complex SVT 

ga Wide Complex Tachycardia 
Co AF/AFI 

EE Syncope 

MM Palpitations 


FIGURE 1. Comparison between the reasons for referral of 
group 1 group 2 patients. AF/AFI = atrial fibrillation/flut- 
ter; SVT = supraventricular tachycardia. 
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with chronic heart disease included 3 with atrial disease 
(including the tachy-brady syndrome in 2), 2 with coro- 
nary artery disease and 1 with aortic regurgitation and 
a reduced ejection fraction. Initial arrhythmias ap- 
peared in the early postoperative period in 3 older pa- 
tients: 1 after cholecystectomy, 1 after hip replacement, 
and 1 after coronary artery bypass grafting; the latter 
patient had rapid atrial fibrillation after surgery that 
responded paradoxically to digoxin. Three group 1 pa- 
tients had pulmonary disease: 1 had severe chronic ob- 
structive lung disease, 1 had asthma, and 1 had an 
acute pulmonary embolus. The remaining patient had 
had a gastrointestinal hemorrhage and was anemic. 
Almost two-thirds of the group 2 patients were eval- 
uated because of narrow complex orthodromic supra- 
ventricular tachycardia, or palpitations in the setting of 
overt preexcitation revealed on an electrocardiogram 
(Figure 1). No group 1 patient was studied for this lat- 
ter indication. The groups were distinguished by the 
clinical arrhythmias documented before study (Figure 
2). Only 15% (2 of 13) of group 1 patients presented 
with narrow QRS orthodromic supraventricular tachy- 
cardia. Wide QRS tachycardia was significantly more 
frequent (7 of 13 vs 6 of 60, p <0.05) in this group and 
on several occasions was initially mistaken for ventricu- 
lar tachycardia. Among the older patients, wide com- 
plex tachycardia was due to aberration in 4 patients 
with orthodromic tachycardia, antidromic supraventric- 
ular tachycardia in 2, and atrial flutter with 2:1 conduc- 
tion over the accessory pathway in 1. The distribution 
was similar in the 6 younger patients with this arrhyth- 
mia: 3 with aberration, 2 with antidromic supraventric- 
ular tachycardia, and 1 with preexcited atrial flutter. 
Atrial fibrillation/flutter also tended to be more fre- 
quent among group | patients, although this difference 
did not reach statistical significance (4 of 13 vs 11 of 
60, difference not significant). None of the 4 group 1 
patients with this clinical arrhythmia had a sustained 
reentrant supraventricular tachycardia induced in the 
electrophysiology laboratory. This had several causes, 


Clinical Arrhythmia 
15% 


31% 
54% 


7%, 
58% 
15% 


Group 1 Group 2 


EE Narrow Complex SVT 
C0 Wide Complex Tachycardia 
EE AF/AFI 


FIGURE 2. Comparison of the documented clinical arrhyth- 
mias of group 1 and group 2 patients. Abbreviations as in Fig- 
ure 1. 


including distal block in the normal conduction system, 
a prolonged accessory pathway refractory period, and 
matched refractory periods of the accessory pathway 
and normal conduction system. All had inducible atrial 
fibrillation. In contrast, all 11 group 2 patients with 
atrial fibrillation/flutter clinically had supraventricular 
tachycardia induced (p = 0.013). 

As Figure 3 shows, surface electrocardiographic 
findings often made it difficult to identify group 1 pa- 
tients as having preexcitation syndromes. Although in- 
dividual older patients were preexcited at rest, the PR 
and QRS intervals for this group as a whole were within 
the normal range, and differed significantly from the 
values for the younger patients (Table I). Concealed by- 
pass tracts were more frequent in group 1 (5 of 13 vs 8 
of 60 patients), but this difference is of borderline sig- 
nificance (p = 0.047) and, when only patients with an- 
terograde conduction over their accessory pathways are 
considered, the electrocardiographic differences persist 
(Table I). These differences also cannot be accounted 
for by differences in the location of the accessory path- 
ways or their mean anterograde refractory periods. 
Left-sided pathways were most frequent in both groups 
(Figure 4), and the refractory periods of these connec- 
tions in the 8 group 1 patients with anterograde conduc- 
tion (328 + 118 ms) did not differ significantly from 
those of 46 of the 52 group 2 patients for whom data 
are available (354 + 157 ms, difference not significant). 
Four group 1 and 25 group 2 patients (difference not 
significant) had pathways with anterograde refractory 
periods of $300 ms. 

Intraatrial conduction times as measured by P-wave 
duration on the surface electrocardiogram (103 + 21 vs 




















































































































































































































































































































































































































FIGURE 3. Standard surface electrocardiogram of a group 1 
patient. Note the PR interval of 0.16 second and the QRS in- 
terval of 0.09 second, as well as the pseudoinferior wall myo- 
cardial infarction pattern. This patient presented with a wide 
complex tachycardia due to atrial flutter, with 2:1 conduction 
over a left posterior accessory pathway after a hip replace- 


ment. He was initially, incorrectly, thought to have ventricular 
tachycardia in the setting of an old inferior wall myocardial in- 
farction. 





TABLE I Surface Electrocardiogram Characteristics 










Group 1 Group 2 p Value 
n 13 60 
PR(s) 0.15+0.04 0.11 40.03 <0.001 
QRS (s) 0.09+0.01 0.12 + 0.03 <0.001 

Patients with Anterograde Conduction 

n 8 52 
PR(s) 0.15+0.03 0.10 4 0.03 <0.001 
QRS (s) 0.09 + 0.02 0.12 + 0.03 <0.001 





90 + 16 ms, p = 0.023) and the interval from the onset 
of the P wave to the low right atrial electrogram (48 + 
19 vs 38 + 15 ms, p = 0.042) were longer, however, in 
group 1 patients. 


DISCUSSION 

Previous studies examining age-specific presenta- 
tions of the preexcitation syndromes have focused on 
infancy and childhood?™?; few have examined these syn- 
dromes in older patients.!!-!4 Our study demonstrates 
that age-related disease states, changes in the accessory 
pathway and the heart itself distinctively affect the pre- 
sentation of these syndromes in older patients. 

In 2 studies of patients with electrocardiographic ev- 
idence of the Wolff-Parkinson-White syndrome, ap- 
proximately 20% were >50 years of age!!:!3 when iden- 
tified. However, in the latter study,'? only 6% had their 
initial arrhythmia when 250 years old. Eighteen per- 
cent of our patients with accessory pathways had their 
initial clinical event when they were >50 years old, em- 
phasizing the importance of recognizing the unique clin- 
ical characteristics of these syndromes in older patients. 

Because we examined our patients at only one point 
in time, it is not possible to define exactly the electro- 
physiologic changes that facilitated the new onset of ar- 
rhythmias not seen earlier in life. However, several fac- 
tors seem likely. Although the Wolff-Parkinson- White 
syndrome has been associated with a 20 to 46% inci- 
dence of structural heart disease?>*.9 (characteristical- 
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ly congenital heart disease and specifically Ebstein’s 
anomaly) in infants and children, the majority of young 
patients are healthy, with otherwise normal hearts when 
they first have arrhythmias. In contrast, all our older 
patients presented in the setting of a medical or surgical 
illness, and 7 were acutely ill. Several of these illnesses 
have well-known associations with atrial arrhythmias, 
and an increase in inciting events (atrial premature con- 
tractions) certainly contributed to the incidence of atrial 
fibrillation and may have led to the new onset of supra- 
ventricular tachycardia in some patients. 

All 4 of our patients who presented with atrial fi- 
brillation did not have a sustained reciprocating tachy- 
cardia induced during their electrophysiologic studies. 
They are similar to the asymptomatic patients with 
electrocardiographic evidence of preexcitation described 
by Milstein et al,!5 in that they have a “deficient sub- 
strate” for the maintenance of reentrant tachycardia. 
Only with other precipitants (illness) did they have 
atrial fibrillation. As these authors suggest, and our 
study emphasizes, despite the absence of supraventricu- 
lar tachycardia, such patients will remain vulnerable to 
complications because of the presence of an accessory 
pathway in the setting of other degenerative or inflam- 
matory processes. Furthermore, different mechanisms 
are thus suggested for the initiation of atrial fibrillation 
in our 2 patient groups: atrial vulnerability in group 1 
and degeneration of supraventricular tachycardia in 
group 2. 

The arrhythmia most frequently observed in patients 
with accessory pathways is a narrow complex orthodro- 
mic tachycardia. Our group | patients differed from the 
younger patients, and those of other series,* in that 54% 
presented with a wide complex, regular tachycardia. In 
this late adult age range, in the setting of an under- 
lying illness and an electrocardiogram that often dem- 
onstrated a pseudoinfarction pattern without marked 
preexcitation (Figure 3), misdiagnoses of ventricular 
tachycardia were made several times. Although such 
patients comprise the minority of those with a wide 
complex tachycardia, sensitivity to the possibility of 
preexcitation is essential if such syndromes are to be 
suspected and correctly diagnosed. 

It has been shown that the capacity for preexcitation 
and anterograde conduction over an accessory pathway 
may be lost over several years and that this occurs more 
often in older patients.'* This is consistent with our find- 
ing that concealed pathways were more frequent in 
group 1. However, this is not the only explanation for 
the relatively unimpressive electrocardiographic find- 
ings of group 1, which persist even when only patients 
with anterograde conduction are considered. 

Both the P-wave duration and the intraatrial con- 
duction time were significantly longer in group 1 than 
group 2. Age and disease probably contributed to this 
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difference, as 3 of our older patients had definite electri- 
cal abnormalities of the atrium. Atrial conduction de- 
lays would mask anterograde conduction over a left-sid- 
ed accessory pathway, which is far from the normal ori- 
gin of the sinus impulse, but perhaps also over other 
pathways located at a distance from the specialized in- 
traatrial conduction system, minimizing evidence of 
preexcitation, and normalizing electrocardiographic in- 
tervals. 

Clinical implications: Our findings emphasize that 
patients may initially present with arrhythmias due to 
preexcitation syndromes throughout life, including late 
adulthood, when the clinical features of these syn- 
dromes are different from those in younger patients. Di- 
agnosis may be challenging. An awareness that such pa- 
tients present in the setting of acute or chronic illness, 
most often with a wide complex tachycardia or atrial 
fibrillation/flutter, and often with subtle or no baseline 
electrocardiographic evidence of preexcitation, will fa- 
cilitate their care. 


Acknowledgment: We are indebted to Antoinette V. 
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Usefulness of Flecainide for Prevention of 
Paroxysmal Atrial Fibrillation and Flutter 


Adrian H. Pietersen, MD, and Henning Hellemann, MD, for the Danish-Norwegian 
Flecainide Multicenter Study Group* 


To evaluate the efficacy of flecainide acetate in the 
prevention of paroxysmal atrial fibrillation and flut- 
ter, 43 patients (23 men) (mean age 53 years) 
were randomized blindly to receive either placebo 
or 150 mg of flecainide twice per day for consecu- 
tive periods of 3 months. Attacks were verified by a 
minielectrocardiogram event recorder. If intolerable 
symptoms developed, the protocol allowed patients 
to cross over between treatments before the end of 
the first 3-month period. Four patients crossed 
over prematurely, between 1 week and 1 month, 
and 15 between 1 month and 3 months. The re- 
maining 24 patients completed both 3-month peri- 
ods. In all 3 treatment intervals, there was a signif- 
icant reduction in the number of attacks during fle- 
cainide treatment (p <0.002). Complete suppres- 
sion was seen in 15 of 43 patients (35%) treated 
with flecainide for 1 week, in 18 of 39 (46%) treat- 
ed for 1 month and in 12 of 24 (50%) completing 
all 3 months in each period. Adverse effects were 
reported in 32 of the 43 patients (74%) treated 
with flecainide, but only 2 were withdrawals. One 
patient died suddenly. In comparison, 3 of 43 pa- 
tients (7%) reported adverse effects in the placebo 
group. In conclusion, flecainide significantly sup- 
pressed the number of attacks of paroxysmal atrial 
fibrillation and flutter. Adverse effects were fre- 
quent but were mostly tolerable. 

(Am J Cardiol 1991;67:713-717) 
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with potent sodium channel-blocking properties 

and with little effect on the duration of the action 
potential. Several studies have shown an effect on ven- 
tricular arrhythmias'~ but less is known about the ef- 
fect on supraventricular arrhythmias. Atrial fibrillation 
is a common and clinically important arrhythmia with a 
prevalence of about 0.4% in the population <70 years, 
and of 2 to 4% above this age.45 Such patients are at an 
increased risk of embolic complications.© There have 
been no previous double-blind crossover studies docu- 
menting the effect of flecainide in the prevention of par- 
oxysmal atrial fibrillation and flutter. The purpose of 
the present study was to evaluate the ability of flecai- 
nide to prevent attacks of atrial fibrillation and flutter 
in a double-blind, controlled, crossover study. 


eii acetate is a class IC antiarrhythmic drug 


METHODS 

Patients: The main criterion for inclusion in the 
study was 23 clearly symptomatic attacks of atrial fi- 
brillation or flutter, or both, in the preceding 3 months, 
on 3 different days, each attack lasting <3 days (quali- 
fying period). At least 1 attack had to be documented 
by electrocardiography. 

Pregnant or breast-feeding women were excluded, as 
well as patients with progressive valvular disease, heart 
failure in New York Heart Association class III to IV 
or with an abnormal fractional shortening on echocardi- 
ography, grade 22 atrioventricular block, more than 
isolated ventricular premature complexes, sinus node 
dysfunction without a pacemaker, Wolff-Parkinson- 
White syndrome, syncope, thyroid disease, or other sig- 
nificant systemic disease. 

Protocol: The protocol was approved by local ethics 
committees. Patients gave informed consent based on 
written and oral information. The patients were investi- 
gated with a 12-lead electrocardiogram, chest x-ray, 
echocardiography and standard blood chemistry analy- 
ses, including kidney and liver function tests. Patients 
were seen 3 times in each period (after 1 week, 1 and 3 
months), with plasma-flecainide concentrations mea- 
sured after 1 week and 3 months. The plasma level 
(checked by a colleague) was not to exceed 2.11 umol/ 
liter (1,000 yg/liter). 

Treatment: Patients were randomized double-blind- 
ly to receive either 150 mg of flecainide twice per day 
(patients <60 kg, 100 mg twice per day) or matching 
placebo for a 3-month period, after which they were 
crossed over to the alternate therapy for a further 3- 
month period. If intolerable symptoms developed, the 
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TABLE I Mean Attacks per Week for Patients Who Crossed 
Over (n = 4) or Terminated Treatment Prematurely (n = 15) 
Compared with Patients Who Completed Both Periods (n = 
24) 


1 Month 3 Months 


12.3464 (0) 

(n=4) (n=0) 
8.0 + 6.8 ri 

(n=4) (n=1) 
3.0 3.4 0 

(n= 15) (n= 2) 
3.149.4 0.641.4 

(n=15) (n=11) 
4147.3 194121 

(n= 24) (n= 24) 
0.9+1.5 0.2 +0.4 

(n=24) (n=24) 


Placebo 
(n=4) 
Flecainide 


Placebo 
(n= 15) 
Flecainide 


Placebo 
(n= 24) 
Flecainide 


protocol allowed discontinuation of the first treatment 
and cross over to the second before the end of the first 
3-month period. Digitalis glycosides were allowed at the 
discretion of the investigator and were recommended 
for patients with known atrial flutter. No other antiar- 
rhythmic therapy was allowed. The patients were ex- 
plicitly asked to list side effects at each visit. 
Evaluation: Patients kept a diary to record symp- 
toms and duration of attacks. At least 2 of these attacks 
(if any) in each period had to be verified by an electro- 
cardiogram. For that purpose the patients kept a hand- 
held minielectrocardiogram event recorder constructed 


Recruited 


Bs | Dropouts 


cs Completing at least 1 week on each regimen 


4 PREMATURE CROSSOVERS 


1 termination after 9 days on flecainide 
1 continue for 3 months on flecainide 
1 on FLECAINIDE —— termination after 9 days on placebo 


3 on PLACEBO ‘+ 1 termination after 1 week on flecainide 


Completing at least 1 month on each regimen 


8 PREMATURE CROSSOVERS 


5 on PLACEBO ap: 4 continue 3 months on flecainide 
1 termination after 1 month on flecainide 


3 on FLECAINIDE — all 3 cont. 3 months on placebo 
7 PREMATURE TERMINATIONS IN 2. PERIOD 


6 on PLACEBO 
1 on FLECAINIDE 





Completing all 3 months on each regimen 





FIGURE 1. Flow chart for all study patients. 
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on the basis of an ordinary Walkman™, with some of 
the electronics replaced by an amplifier, a high-pass fil- 
ter and a frequency modulator. The electrocardiogram 
was recorded with the patient in a relaxed, sitting posi- 
tion, with the fingers from both hands held against the 
electrodes. Data were stored on an ordinary cassette 
tape with a recording capacity of 21 hour. The signals 
were reproduced by a tape deck, with a demodulator 
connected to an ordinary electrocardiogram recorder. 
The electrocardiogram was interpretable in almost all 
recordings. 

Patients were not included in the study if a lack of 
correlation was found between the diary and the mini- 
tape recordings from lack of compliance or inability to 
complete the study for reasons unrelated to the study 
medication. 

Statistics: Medians with 1.0 and 3.0 quartiles and 
means + | standard deviation are given. The attack 
rates within each period were compared with Wilcox- 
on’s test, based on ranks. 


RESULTS 

Patients: Forty-eight patients were recruited for the 
study. Five dropped out: 2 developed chronic atrial fi- 
brillation in the first period while receiving placebo, 1 
patient died in the first period while receiving flecainide, 
and 2 could not follow the protocol. The evaluated 
group comprised the remaining 43 patients (Figure 1), 
23 men and 20 women, aged 21 to 73 years (mean 53 + 
13). The average weight was 77 + 14 kg (range 55 to 
104). Three patients had ischemic heart disease, 2 had 
hypertension, and 1 slight mitral valve disease. One pa- 
tient was in New York Heart Association functional 
class 2; all others were in class 1. All patients had par- 
oxysmal atrial fibrillation, but 7 also had attacks of atri- 
al flutter. The history of attacks was in median 7 years 
(range 0 to 33). The median number of previous antiar- 
rhythmic drugs was 2 (range 0 to 7). Concomitant digi- 
talis glycosides were given to 13 patients. 

Treatment: All 43 patients were treated for 21 
week in each period but, because of intolerable attacks 
of arrhythmia or adverse effects, 4 had to cross over 
after the first week in the first period (1-week interval), 
3 patients while receiving placebo and 1 while receiving 
flecainide (Figure 1, Table I). The remaining 39 pa- 
tients were treated for 21 month with both regimens 
(1-month interval), when an additional 15 had to cross 
over or terminate the drug prematurely because of intol- 
erable attacks of arrhythmia. Among these patients, 11 
were receiving placebo and 4 flecainide. The last 24 pa- 
tients completed all 3 months in both periods. For statis- 
tical reasons, each treatment interval was evaluated sep- 
arately (Table II). In all 3 treatment intervals, there 
was a significant reduction in the number of attacks (2p 
<0.003) in the flecainide-recorded period. The individ- 
ual responses are shown in Figure 2. Complete suppres- 
sion with flecainide was seen in 35% of the patients 
treated for 1 week with both regimens, in 46% treated 
for 1 month and in 50% completing all 3 months (Table 
MI). 

PLASMA-FLECAINIDE: The plasma level after 1 week of 
treatment was 1.24 + 0.49 umol/liter (range 0.51 to 


TABLE Il Results After Treatment with Flecainide 


P 
Sample size 43 


No. of attacks 
Median 2 0 
Range 0-30 0-37 
1.0-3.0 quartile 14 0-2 
Difference 


(Wilcoxon /ranks) 2p = 0.003 


F = flecainide; P = placebo. 


F P F E F 
43 39 39 24 24 
6 0 10 0 
0-124 0-60 0-324 0-35 
3-12 0-4 4-23 0-7 


2p = 0.0002 2p = 0.001 





2.30) and, at the end of the treatment period, was 1.03 
+ 0.47 ymol/liter (range 0.24 to 2.42). The plasma 
concentrations tended to be a little higher in the group 
with efficacy with flecainide treatment: 1.08 (range 
0.24 to 1.82) versus 0.87 (range 0.63 to 0.97) nmol/liter 
(3-month treatment period). 

Adverse effects: Thirty-two of the 43 patients (74%) 
reported a total of 51 complaints of adverse effects in 
the flecainide treatment period (Table IV). The cardio- 
vascular complaints included exercise dyspnea and ede- 
ma in | patient and bradycardia in 1. Two patients had 
an increase in attack rate, which resulted in the discon- 
tinuation of treatment in 1 patient. Another developed a 
sustained attack of atrial flutter with intermittent 1:1 
conduction, which also resulted in discontinuation (plas- 
ma-flecainide 1.21 ymol/liter). Two patients had their 
dosage reduced because of dizziness (plasma-flecainide 
level not available) and problems with accommodation 
(plasma-flecainide 1.06 umol/liter), respectively, with 
disappearance of their symptoms. In the placebo period, 
3 of the 43 patients (7%) experienced a total of 6 ad- 
verse effects: leg cramps in 2 patients, sweating in 2, 
headache in 1 and transient limpness of the left arm in 
E 

Two patients died during the investigation period. 
One patient receiving flecainide died from an anaplastic 
pulmonary carcinoma with metastases to the brain. 
Retrospectively, a pulmonary infiltration could be dis- 
cerned on the chest x-ray taken before the patient was 
included in the study. The other patient died suddenly 
after 2 months’ treatment with flecainide, while bathing 
in the cold, northern Norway sea after drinking alcohol. 
Plasma-flecainide level in this patient was 0.5 umol/li- 
ter at the 1-week visit. The incident was not interpreted 





FIGURE 2. Individual response for all 3 treatment intervals af- 
ter flecainide treatment. 


as a complication of flecainide treatment. One patient 
had a myocardial infarction. 

Electrocardiographic measurements revealed a slight 
increase in all intervals: PQ from 0.17 to 0.19, QRS 
from 0.09 to 0.10, and QTc from 0.40 to 0.41 second. 
There were no changes in blood biochemistry values. 


DISCUSSION 

Evaluation of patients with paroxysmal tachycar- 
dias: One of the problems in evaluating antiarrhythmic 
drug efficacy is the marked spontaneous variability of 
arrhythmias. Holter monitoring is widely used but has 
severe limitations in patients with days or weeks be- 


TABLE Ill Response to Flecainide Treatment 


Complete Partial No/Worse 


Duration (wks) (%) (%) (%) 


15 (35) 
18 (46) 


8(19) 
8(21) 
4(17) 


19/1 (47) 
10/3 (33) 


12 (50) 8/0 (33) 





TABLE IV Adverse Effects with Flecainide (n = 32 of 43 
[74%)]) 


Adverse Effects No. Total No. 


Dizziness 11 
Gastrointestinal 
Constipation 
Diarrhea 
Nausea 
Feeling of satiety 
Meteorism 
Eye disturbances 
Blurred vision 
Accommodation 
Dry eyes 
Slight nystagmus 
Cardiovascular 
Proarrhythmia 
Weight gain 
Exercise dyspnea 
Bradycardia 
Tiredness 
Amenorrhea 
Dry mouth 
Tingling in scalp 
Urge incontinence 
Paresthesia in legs 
Tinnitus 
Flushing 
Headache 


Total 
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tween attacks, as found with paroxysmal atrial fibrilla- 
tion and flutter. One way to register the frequency of 
attacks of tachyarrhythmias during longer periods is to 
use diaries. An easy way to verify attacks has been lack- 
ing. For that purpose, we used small custom-made, 
hand-held event-recorders. In the present study, 22 at- 
tacks were verified objectively by the event-recorder in 
each period, except for patients free of attacks. Patients 
were not included if there was a lack of correlation be- 
tween attacks noted in their diaries and the event re- 
cordings. A good correlation was found in all cases in- 
cluded in the study. We found the event-recorder espe- 
cially useful in the qualifying period, because some of 
the patients not included were in sinus rhythm during 
their “attacks.” 

Flecainide efficacy: We found flecainide to be very 
effective against paroxysmal atrial fibrillation and flut- 
ter, with a highly significant reduction in the numbers 
of attacks in all 3 treatment intervals (2p <0.003). 
Complete suppression with flecainide was achieved in 
35% of the patients treated with both regimens for only 
1 week, in 46% treated for 1 month and in 50% treated 
for 3 months (Table III). The lowest efficacy was found 
in patients treated for only 1 week and 1 month; this is 
not surprising, because these periods comprise the pa- 
tients with the most severe and frequent attacks, when 4 
and 15 patients, respectively, had to cross over or dis- 
continue the treatment prematurely (Table I). These re- 
sults are in accordance with preliminary reports of 2 
other double-blind, crossover studies showing response 
rates of 56 and 28%, respectively.”* In 2 non-placebo 
controlled studies, the success rates were 60 and 
87%.9"' In a study evaluating drug-refractory (includ- 
ing amiodarone) paroxysmal atrial fibrillation, flecai- 
nide alone controlled the arrhythmia in 28% and the 
combination of flecainide and amiodarone in 53%.'! 

Long-term efficacy in paroxysmal atrial fibrillation 
was evaluated in an open study with a total response in 
60%.!2 Another open study compared flecainide with di- 
sopyramide in maintaining sinus rhythm after conver- 
sion of chronic atrial fibrillation. Flecainide had a sub- 
stantially greater effect than disopyramide.'* 

Adverse effects: We found a relatively high rate of 
adverse effects (74%), which resulted in discontinuation 
of flecainide treatment in 2 patients because of proar- 
rhythmic effects. One of these developed a sustained at- 
tack of atrial flutter with intermittent 1:1 conduction, 
even though he was treated with digoxin. This is a po- 
tentially dangerous complication, also known to occur 
with other class 1 antiarrhythmic drugs. Known atrial 
flutter is the reason why concomitant digoxin is recom- 
mended. Despite this, the patient developed 1:1 conduc- 
tion with a relatively low serum digoxin concentration 
of 0.8 nmol/liter. 

One patient, a 54-year-old man, receiving treatment 
with flecainide died suddenly. He had been operated on 
in 1962 for hyperthyroidism, with recurrence in 1976 
and carbimazol treatment until 1985. Since 1986 he 
had had paroxysmal atrial fibrillation, treated unsuc- 
cessfully with propranolol, digoxin, quinidine, disopyra- 
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mide and verapamil. He had a normal echocardiogram, 
chest x-ray and electrocardiogram. Holter monitoring 
before and during flecainide treatment did not reveal 
ventricular arrhythmias. The patient was an alcoholic 
and had been drinking heavily before the fatal event, 
which occurred while he was bathing in the sea with a 
water temperature of 10°C at most. Even though there 
have been reports of fatal events during cold water im- 
mersion,!4!5 in light of the Cardiac Arrhythmia Sup- 
pression Trial,!6 it cannot be precluded that flecainide 
treatment contribued to the death of this patient. There 
have been only occasional reports of life-threatening ar- 
rhythmias in patients with supraventricular tachycar- 
dias and apparently normal left ventricular function.” 
This emphasizes the need for much larger randomized 
trials to evaluate drugs for proarrhythmic effects at the 
ventricular level in patients with non-life-threatening su- 
praventricular arrhythmias. However, in a recent con- 
sensus statement, the use of flecainide was not discour- 
aged in this group of patients.'* In 2 patients, it was 
necessary to reduce the dosage with disappearance of 
symptoms. In comparison, in a recent review of reports 
totaling 695 patients, worsened arrhythmias were re- 
ported in 4%, conduction disturbances in 2.2% and heart 
failure in 0.7%. Noncardiac complaints were reported in 
19%,!9 

Study limitations: The minielectrocardiogram event 
recorders were used to evaluate symptomatic attacks of 
atrial fibrillation and flutter, but it is possible that the 
patients could have had asymptomatic attacks. Evalua- 
tion criteria were =2 objectively verified attacks in each 
period. Ideally, all patients should have had a minielec- 
trocardiogram event recorder for the whole study peri- 
od. However, this was not possible. 
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Time of Onset of Supraventricular 
Tachyarrhythmia in Relation to 
Alcohol Consumption 


Markku Kupari, MD, and Pekka Koskinen, MD 





It is widely believed but has never been proved that 
idiopathic supraventricular tachyarrhythmias be- 
ginning during or after weekends or winter holi- 
days are frequently alcohol-related (“holiday 
heart” syndrome). The time of arrhythmia onset 
was therefore studied in relation to self-reported 
ethanol consumption and results of a screening test 
for alcoholism (CAGE questionnaire) in 289 pa- 
tients aged <65 years admitted for supraventricu- 
lar tachyarrhythmias. There were 102 patients 
having an etiologically idiopathic arrhythmia with a 
known time of onset. Among them, but not among 
those with disease-related arrhythmias, patients 
with arrhythmic episodes beginning on Saturdays 
or on Sundays were more often chronic alcohol 
abusers (9 of 19, 47%) than either patients with 
episodes beginning from Mondays through Fridays 
(18 of 83, 22%; p = 0.040) or control subjects 
from the out-of-hospital population (8 of 66, 12%; 
p = 0.002). In multivariate analysis, the time of ar- 
rhythmia onset was related to the CAGE response 
(G2 = 6.0, p = 0.014) but not to the most recent 
ethanol use. However, the increased frequency of 
problem drinkers among patients with weekend-on- 
set idiopathic arrhythmias was only relative, and 
resulted from a decreased number of abstainers 
and non-problem drinkers. No conspicuous cluster- 
ing of alcohol-related arrhythmias was seen af- 
ter New Year’s or May Day. Thus, although the 
present study confirms an association between 
heavy drinking and idiopathic arrhythmias begin- 
ning during weekends, it shows that the question 
may be of a relative rather than an absolute over- 
representation. The term holiday heart may also be 
somewhat misleading since no postholiday accumu- 
lation of alcohol-related arrhythmias was found. 
(Am J Cardiol 1991;67:718-—722) 
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onset of supraventricular tachyarrhythmia.'~+ 

The term “holiday heart” syndrome has been 
coined to indicate that alcohol-related arrhythmias clus- 
ter around weekends and after festivities such as the 
Christmas-New Year period. A captivating designa- 
tion, it has become popular both colloquially and in sci- 
entific communications,'2°8 Yet, the underlying idea 
was not based on any formal prospective or retrospec- 
tive investigation but on uncontrolled observations made 
in a small group of alcoholics.” Unable to track down 
more tenable evidence for the holiday heart phenome- 
non, we studied the relation of the onset of supraventric- 
ular tachyarrhythmias to alcohol use in a larger and less 
selected patient population. 


He alcohol consumption can contribute to the 


METHODS 

Study population: We studied 289 patients (203 
men and 86 women) admitted to the emergency ward of 
our hospital for symptomatic supraventricular tachyar- 
rhythmias and aged <65 years (mean age 50). Between 
January and October 1985 we studied each patient with 
new-onset atrial fibrillation (n = 98),!° between Janu- 
ary and September 1986 we studied each patient with 
recurrent atrial fibrillation (n = 98),'! and between De- 
cember 1986 and September 1987 we studied each pa- 
tient with supraventricular tachyarrhythmia other than 
atrial fibrillation (n = 99: 50 patients with reentry su- 
praventricular tachycardia, 30 with atrial flutter and 19 
with paroxysmal atrial tachycardia). The classification 
of the arrhythmias was based on a 12-lead electrocar- 
diogram taken on admission.'? The total number of ad- 
missions (n = 295) was higher than the number of pa- 
tients because 6 subjects were admitted twice during 
these studies; only the first admission was included in 
the present investigation. 

Patient evaluation: Each patient was studied by us 
in the emergency ward, usually within 12 hours of ad- 
mission. The date and the day of the week the symp- 
toms of the current arrhythmia had begun were ques- 
tioned and recorded. In subsequent analyses, patients 
with weekend arrhythmias (beginning on Saturdays or 
on Sundays) were compared with those having weekday 
arrhythmias (beginning from Mondays through Fri- 
days). Each arrhythmia was classified as either disease- 
related or idiopathic on the basis of clinical examina- 
tion, 12-lead electrocardiogram, chest x-rays, laboratory 
tests,!° and results of all previous cardiac studies. In ad- 
dition, 205 patients underwent a complete echocardio- 


es 


graphic examination! (Irex System III or Toshiba 
SSH 60A). The diagnostic criteria for the underlying 
cardiovascular conditions have been specified earlier.!° 

The alcoholic drinks consumed each day during the 
week preceding the arrhythmia were recorded as grams 
of absolute ethanol and added up to give the total con- 
sumption per week. Subsequently, the patients were cat- 
egorized into 3 groups by their recent ethanol use: (1) 0 
g/week, (2) 1 to 210 g/week, and (3) >210 g/week. 
The last 2 days’ (day of arrhythmia onset and the pre- 
ceding day) consumption was calculated separately and 
classified as either small to moderate (<150 g) or large 
(>150 g). To screen for alcohol abuse, the patients were 
given the 4 CAGE questions!4-!6; Have you ever felt 
you should Cut down on your drinking? Have people 
Annoyed you by criticizing your drinking? Have you 
ever felt bad or Guilty about your drinking? Have you 
ever had a drink first thing in the morning to steady 
your nerves and to get rid of a hangover (Eye-opener)? 
The patients giving 22 affirmative responses were clas- 
sified as chronic heavy drinkers!>:!®; the rest (with 0 to 1 
positive response) were classified as abstainers or non- 
problem drinkers. 

Controlling: For a control group, we studied 66 sub- 
jects (44 men and 22 women aged <65 years [mean 
49]) from the local out-of-hospital population, picked 
up for us by the Central Office of Statistics. They un- 
derwent the same studies as our patients, including the 
screening for alcoholism and the assessment of the last 
week’s (preceding our contact) ethanol consumption. 
Eight had hypertension, 3 had coronary artery disease 
and 2 had chronic pulmonary disease. 

Statistics: Group differences in rates and propor- 
tions were analyzed by the Fisher exact test and 
the Pearson chi-square test. Multivariate analyses were 
made, separately for idiopathic and disease-related ar- 
thythmias, using log-linear models!’ in 4-way tables of 
the following variables: time of onset of arrhythmia, 
amount of recent ethanol consumption, CAGE response 
and type of arrhythmia. The fit of a model was evaluat- 
ed by the likelihood ratio chi-square test (G2). The first 
model to try consisted of only the main effects of 
the variables. If the fit was poor, 2-way interactions 
relevant to the purpose of the present study were add- 
ed to the model one at a time. The improvement of the 
fit between any 2 nested models M1 and M2 was tested 
by comparing the difference G2; — G? wp to the chi- 
square distribution with dfy; — dfy2 degrees of free- 
dom. The improvement was considered statistically sig- 
nificant at p <0.05. 


RESULTS 

The arrhythmia was disease-related in 185 patients 
and idiopathic in 104. The most common underlying 
conditions in the former group were coronary artery dis- 
ease (n = 62), systemic hypertension (n = 38), valvular 
heart disease (n = 17), idiopathic dilated cardiomyopa- 
thy (n = 11) and hypertrophic cardiomyopathy (n = 7). 
The onset time was uncertain in 25 patients, of whom 
23 had a disease-related and 2 an idiopathic arrhyth- 
mia. All subsequent analyses pertaining to the time of 








TABLE I Recent Ethanol Consumption and Response to the 
CAGE Questionnaire in 66 Subjects Aged <65 Years and 
Selected Randomly from Out-of-Hospital Population 







Ethanol consumption category (g/week) 










1-210 
>210 







Number of positive CAGE responses 
0-1 





2—4 


* Percentage of the total sample. 


onset of arrhythmia are based on data of the remaining 
264 patients. 

Relation of the time of onset of arrhythmia to re- 
cent ethanol use: IDIOPATHIC ARRHYTHMIAS: Figure 1 
shows the occurrence of idiopathic arrhythmias over the 
days of the week and the distribution of the patients 
into the 3 categories of recent ethanol consumption. Ta- 
ble I gives the ethanol consumption data of the out-of- 
hospital control subjects. A higher proportion of pa- 
tients with weekend arrhythmias (18 of 19 [95%]) had 
drunk alcohol during the last 7 days than of either pa- 
tients with weekday arrhythmias (54 of 83 [65%], Fish- 
er exact test, p = 0.011) or of the control subjects (47 of 
66 [72%], Fisher exact test, p = 0.035). The frequency 
of recent drinking in the control group remained the 
same even if the 13 subjects with cardiorespiratory dis- 
eases were excluded (38 of 53 [72%]). The last 2 days’ 
ethanol intake totaled >150 g in 5 of 19 patients (26%) 
with weekend arrhythmias and in 8 of 83 (10%) with 
weekday arrhythmias (Fisher exact test, p = 0.060). 

DISEASE-RELATED ARRHYTHMIAS: Figure 2 shows that 
among patients with disease-related arrhythmias there 
was no apparent difference in the frequency of recent 
ethanol consumption between subjects with weekend- 
onset episodes and those with weekday episodes (29 of 
46 [63%] vs 67 of 116 [57%]; Fisher exact test, p = 
0.597). The last 2 days’ consumption totaled >150 g in 
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FIGURE 1. The relation between recent alcohol drinking and 

the day of onset of idiopathic supraventricular tachyarrhyth- 

mias. The columns show the number of patients (N) each day 

of the week and the distribution of the patients into the 3 cate- 
gories of total ethanol over the preceding 7 days 
(0 g, 1-120 g, and >210 g). 
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4 patients from the former group (9%) and in 3 from 
the latter (3%) (Fisher exact test, p = 0.101). 

Relation of the time of onset of arrhythmia to 
the CAGE response: IDIOPATHIC ARRHYTHMIAS: Figure 3 
shows that a larger proportion of patients with week- 
end-onset arrhythmias than of those with weekday epi- 
sodes responded affirmatively to 22 CAGE questions 
(9 of 19 [47%] vs 18 of 83 [22%]; Fisher exact test, p = 
0.040). However, when the daily arrhythmia rates of 
problem drinkers were examined, it was found that the 
number of weekend-onset episodes (9 of the total 27) 
was not different from the 2 of 7 expected (chi-square 
= 0.31, p = 0.578). By contrast, in non-problem drink- 
ers, only 10 of the 75 arrhythmias had begun during 
weekends, which was much less than the 2 of 7 expected 
(chi-square = 9.17, p = 0.003). This created a relative 
overrepresentation of problem drinking among patients 
with weekend-onset idiopathic arrhythmias. 

The CAGE responses of the population controls are 
summarized in Table I. The frequency of 22 positive 
answers was clearly lower than among patients with id- 
iopathic weekend arrhythmias (12 vs 47%; Fisher exact 
test, p = 0.002), but not significantly different from 
that among patients with weekday arrhythmias (12 vs 
22%; Fisher exact test, p = 0.136). The frequency of 22 
positive responses among controls free of cardiorespira- 
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FIGURE 2. The relation between recent alcohol drinking and 
the day of onset of disease-related supraventricular tachyar- 
rhythmias. For detailed explanation, see the legend to Figure 
1. 
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FIGURE 3. The relation between the CAGE questionnaire re- 
sponse and the day of onset of idiopathic i 
tachyarrhythmias. The columns show the number (N) of pa- 
tients each day of the week and their distribution into the 2 
CAGE categories (<1 positive response, >2 positive re- 
sponses). 
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tory disease was 13% (7 of 53 subjects; Fisher exact 
test, p = 0.004 compared with the group of idiopathic 
weekend arrhythmias). 

DISEASE-RELATED ARRHYTHMIAS: Figure 4 shows the 
frequency of >2 positive CAGE responses in patients 
with disease-related arrhythmias. No statistically signif- 
icant difference was found between subjects with week- 
end-onset and those with weekday-onset episodes (Fish- 
er exact test, p = 0.123). 

Relation of recent ethanol use and the CAGE re- 
sponse to the type of arrhythmia (Table Il): In assessing 
whether the type of arrhythmia was alcohol-related, pa- 
tients with atrial fibrillation (n = 192) were compared 
with those having other supraventricular tachyarrhyth- 
mias (n = 97). Table II shows that idiopathic atrial 
fibrillation was more often associated with problem 
drinking by the CAGE survey than were the other idio- 
pathic arrhythmias. The type of arrhythmia was unre- 
lated to recent ethanol use. 

Multivariate analysis: Table III shows the results of 
log linear modeling for the idiopathic arrhythmias; the 
factors included and their categories are specified in a 
footnote to the table. As expected, there was a highly 
significant relation between recent ethanol consumption 
and the CAGE response. The time of arrhythmia onset 
was independently associated with the CAGE response 
(i.e., adding their interaction to the model improved its 
fit to the data) but not with the preceding week’s etha- 
nol consumption. An association between the type of ar- 
rhythmia and the CAGE response was also confirmed. 
The results were essentially the same even if the last 2 
days’ ethanol intake (categories: <150 g, >150 g) was 
substituted for the whole preceding week’s consumption. 

In patients with disease-related arrhythmias, the 
time of arrhythmia onset was associated with neither 
the CAGE response nor the recent ethanol consump- 
tion, and there was no association between the type of 
arrhythmia and the CAGE response (p >0.20 for each 
interaction). 

Holiday arrhythmias: New Year’s and May Day are 
festivities characterized by alcoholic binges in our coun- 
try. Over the years 1985 to 1987, only 1 patient was 
admitted for a supraventricular tachyarrhythmia that 
had begun during the 3-day period from December 31 
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FIGURE 4. The relation between the CAGE questionnaire re- 
sponse and the day of onset of disease-related supraventricu- 
lar tachyarrhythmias. For detailed explanation, see the legend 
to Figure 3. 
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TABLE Il Recent Ethanol Consumption and CAGE Questionnaire Response in Relation to Type of Supraventricular 


Tachyarrhythmia in 289 Patients Aged <65 Years 
Idiopathic Arrhythmias 


AF (n = 59) 


n (%)* 

Recent ethanol consumption (g/week) 

0 

1-210 

>210 

p 
Number of positive CAGE responses 

0-1 

2-4 

p 


* The data are given as numbers (percentages) of patients in each category. 


16 (27) 
23 (39) 
20 (34) 


39 (66) 
20 (34) 


Disease-Related Arrhythmias 
non-AF (n = 45) AF (n = 133) 


n(%) 


non-AF (n = 52) 
n(%) 
14(31) 


24 (53) 
7 (16) 


52 (39) 
62 (47) 
19(14) 


106 (80) 
27 (20) 


AF = atrial fibrillation; p = probability values from comparing the recent ethanol consumption (Pearson's chi-square test) and the CAGE responses (Fisher exact test) between 


patients with AF and non-AF arrhythmias. 


TABLE IIl Log-Linear Models Showing Independent Relations Among Recent Ethanol Consumption, CAGE Questionnaire 
Response, Type of Arrhythmia, and Time of Onset of Arrhythmia in 102 Patients Admitted for Idiopathic Supraventricular 
Tachyarrhythmias 


Ethanol + CAGE + time + arrhythmiat 

Ethanol Xt CAGE + time + arrhythmia 

Ethanol X CAGE + time X CAGE + arrhythmia 

Ethanol X CAGE + time X CAGE + arrhythmia x CAGE 

Ethanol X CAGE + time X CAGE + arrhythmia X CAGE + time Xx ethanol 


* Likelihood ratio chi-square. 
t The model includes only the main effects of the factors. 


Fit of the Model Improvement of the Fit 


G? Change p 


* The multiplication sign indicates that both the main effects and the interaction of the 2 factors are effective in the model. 


Arrhythmia = the type of arrhythmia in 2 categories (atrial fibrillation, other supraventricular tachyarrhythmia); CAGE 


4 positive answers); df = degrees of freedom; ethanol = 
rhythmia onset in 2 categories (weekend onset, weekday onset). 





through January 2, and 5 patients were admitted for 
similar arrhythmias beginning from April 30 through 
May 2. These rates were not higher than the average 3- 
day frequencies of arrhythmias in January (3.7) or in 
April and May (3.5). Of the 6 holiday arrhythmias, 5 
were idiopathic, but only 1 patient was a problem drink- 
er according to the CAGE response. Five patients had 
drunk either no ethanol or <150 g over the last 2 days 
preceding the arrhythmia. 


DISCUSSION 

The “holiday heart” syndrome was originally de- 
fined as “a weekend or holiday presentation of an acute 
rhythm or conduction disturbance associated with heavy 
ethanol consumption in a person without clinically evi- 
dent heart disease and disappearing with abstinence.” 5 
The description was based on observations in 24 alco- 
holics who had a total of 32 hospital admissions with 
either premature beats or various tachyarrhythmias, 
mostly atrial fibrillation. Nineteen of the 32 admissions 
occurred between Sunday and Tuesday, and of the re- 
maining 13 episodes, 6 were seen close to the New 
Year. The patients did not constitute either a retrospec- 
tive or a prospective consecutive series, however, and no 
nonalcoholics with arrhythmias were studied. The fact 
that several patients had >1 admission included in the 
study may also have biased the findings, and it is note- 


= the CAGE questionnaire response in 2 categories (0-1, 2- 


the preceding week's ethanol consumption in 2 categories (<210 g, >210 g); p = probability value; time = the time of ar-~ 


worthy that the time of arrhythmia onset remained un- 
known since only the day of admission was recorded. 
For all that, the idea of holiday heart syndrome has 
survived and become widely accepted.!:26-8 However, 
only 1 later study has produced additional data di- 
rectly pertinent to this phenomenon. In a retrospective 
case record analysis, Rich et al!’ could not find either 
postweekend or postholiday accumulation of admissions 
for alcohol-related atrial fibrillation. 

Methodologic considerations: The present study 
combined 3 separate series of patients admitted for 
acute symptomatic and sustained supraventricular 
tachyarrhythmias. During each study period, all pa- 
tients aged <65 years with similar arrhythmias were 
included. Any selection bias in the emergency ward, 
such as was possible in the study by Ettinger et al,59 
was thus avoided. Our hospital is the largest referral 
center for the city of Helsinki and its vicinities (pop- 
ulation 0.9 million), and patients contacting private doc- 
tors or community health centers for acute unremitting 
tachyarrhythmias are as a rule referred to a hospital in 
our area. However, as we only studied arrhythmias 
leading to hospital admission, our data may be poor- 
ly representative of asymptomatic or nonsustained ar- 
rhythmic episodes. Since we, in contradistinction to Et- 
tinger> and Rich'® and their co-workers, recorded the 
day of arrhythmia onset instead of the day of admission, 
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we contrasted Saturdays and Sundays (instead of Sun- 
days, Mondays and Tuesdays) with the remaining days 
of the week. 

In uncovering chronic heavy drinking, we relied on 
the CAGE questionnaire!‘ because it is easy to adminis- 
ter and far superior to conventional laboratory measure- 
ments in the detection of alcoholism.!*!*!? The score of 
>2 positive responses has recently been validated as an 
index of problem drinking in 2 separate general hospital 
populations.'®!9 The limitation of the CAGE survey is 
that it may not detect the occasional nonalcoholic binge 
drinker. 

Clustering of problem drinkers’ idiopathic arrhyth- 
mias during weekends — relative rather than abso- 
lute: We found that patients who had weekend-onset 
supraventricular tachyarrhythmias without detectable 
heart disease were chronic heavy drinkers at least twice 
as often as patients with similar but weekday-onset ar- 
rhythmias. Surprisingly, this did not reflect an increased 
number of problem drinkers presenting with arrhyth- 
mias during weekends but resulted, instead, from a de- 
creased rate of rhythm disturbances in abstainers and 
non-problem drinkers (Figure 3). The weekend-cluster- 
ing of alcohol-related arrhythmias was thus apparent 
rather than real. The possiblity that a reduction of alco- 
hol-unrelated arrhythmias during weekends could con- 
tribute to or even be the main cause of the holiday heart 
phenomenon has not been entertained previously. The 
mechanism of the variation in the occurrence of alcohol- 
unrelated idiopathic arrhythmias is unknown but could 
be related, for instance, to a heavier physical or mental 
(occupational) stress in the middle of the week than on 
the weekends. 

Role of recent ethanol consumption: Although there 
was a difference between idiopathic weekend and week- 
day arrhythmias also with respect to the patients’ recent 
use of ethanol, this was neither striking nor indepen- 
dently related to the time of onset of arrhythmia. Re- 
cent electrophysiologic studies“? have shown that alco- 
hol-related arrhythmias result from an interaction of 
the acute effect of ethanol with the underlying subclini- 
cal cardiomyopathy,” the arrhythmogenic substrate, 
and that relatively modest acute amounts will do for 
this. Although the role of excessive binge drinking has 
thus probably been overemphasized in the past, it cer- 
tainly is crucial in those rare cases where healthy, 
nonalcoholic persons have transient hangover-related 
tachyarrhythmias.”! 

Holiday arrhythmias: During the period of our 
study, the average New Year sales of alcohol in Finland 
were 1.9 times higher than the mean sales before ordi- 
nary winter weekends, and the respective ratio was 1.6 
for the May Day sales compared with spring weekends 
(unpublished statistics of the Finnish State Alcohol 
Company). Nevertheless, we did not see any conspicu- 
ous accumulation of idiopathic arrhythmias in CAGE- 
positive persons close to either holiday. Excessive drink- 
ing immediately preceding the holiday arrhythmias was 
not very common either. Although these data speak 
against postholiday clustering of alcohol-related ar- 
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rhythmias, they are probably too few to entitle defini- 
tive conclusions thereof. 

The designation: On the one hand, our data do sup- 
port the idea of the holiday heart syndrome. The fre- 
quency of alcohol abuse among patients with weekend- 
onset idiopathic arrhythmias was more than double the 
frequency of abuse in patients with similar but week- 
day-onset arrhythmias and up to 4 times the prevalence 
of problem drinking in the out-of-hospital population. 
On the other hand, the weekend-clustering of problem 
drinkers’ arrhythmias was not absolute, as the original 
idea indicated,’ but resulted from a decreased rate of 
arrhythmias in abstainers and non-problem drinkers. 
Neither did we find any particular accumulation of al- 
cohol-related arrhythmias close to New Year’s or May 
Day. Captivating as it is, the designation “holiday heart 
syndrome” may thus be beside the point, and we think 
that it would be more appropriate to speak simply of 
alcohol-related arrhythmias without any epithet. After 
all, ethanol is the culprit instead of Saturdays, Sundays 
or holidays. 


Acknowledgment: We are grateful to Kimmo Luo- 
manmaki, MD, and Hannu Leinonen, MD, for cooper- 
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SYSTEMIC HYPERTENSION 


Mean and Range of the Ambulatory Pressure in 
Normotensive Subjects from a 
Meta-Analysis of 23 Studies 
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Roger Van Hoof, MD, and Antoon K. Amery, MD, PhD 


To perform a meta-analysis of published reports in 
an attempt to determine the mean and range of 
normal ambulatory blood pressure (BP), 23 studies 
including a total of 3,476 normal subjects were re- 
viewed. Most studies were compatible with a mean 
24-hour BP in the range of 115 to 120/70 to 75 
mm Hg, a mean daytime BP of 120 to 125/75 to 
80 mm Hg, and a mean nighttime BP of 105 to 
110/60 to 65 mm Hg. With weighting for the num- 
ber of subjects included in the individual studies, 
the 24-hour BP averaged 118/72 mm Hg, the day- 
time BP 123/76 mm Hg, and the nighttime BP 
106/64 mm Hg. The night/day pressure ratio aver- 
aged 0.87 for systolic and 0.83 for diastolic BP, 
with ranges across the individual studies from 0.79 
to 0.92 and from 0.75 to 0.90, respectively. If the 
mean + 2 standard deviation interval in the various 
studies was considered normal, the range of nor- 
mality was on average 97 to 139/57 to 87 mm Hg 
for the 24-hour BP, 101 to 146/61 to 91 mm Hg 
for the daytime BP, and 86 to 127/48 to 79 mm 
Hg for the nighttime BP. Until the results of pro- 
spective studies on the relation between the ambu- 
latory BP and the incidence of cardiovascular mor- 
bidity and mortality become available, the afore- 
mentioned intervals, which summarize the 
experience of 23 investigators, could serve as a 
temporary reference for clinical practice. 

(Am J Cardiol 1991;67:723-727) 
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ability. In addition, the presence of an observer 

often leads to the overestimation of BP, so-called 
white coat hypertension. These problems have stimulat- 
ed the use of noninvasive recorders, which enable re- 
peated BP measurements in ambulatory subjects at pro- 
grammable intervals during a period of 224 hours. De- 
spite the potential advantages of ambulatory over casual 
BP measurements, the clinical relevance of ambulatory 
readings remains questionable, since there is no agree- 
ment among experts on reference values for the diagno- 
sis and treatment of hypertension. The aim of the pres- 
ent study was therefore to review the data at hand, in an 
attempt to determine the mean and range of ambulato- 
ry BP, as reported in normal subjects. 


Bu pressure (BP) is characterized by a high vari- 


METHODS 

Sources of information: English, French and Ger- 
man publications from January 1980 to December 1989 
were searched for articles that reported on ambulatory 
BP in healthy subjects. The articles were retrieved by 
computer searches using the Medical Literature Analy- 
sis and Retrieval System (MEDLARS). In addition, a 
letter was mailed to participants of an International 
Consensus Conference on Indirect Ambulatory Blood 
Pressure Monitoring (Berlin, March 1-3, 1990; Local 
Organizers: W. Meyer-Sabellek, MD, A. Distler, MD, 
and R. Gotzen, MD). This letter invited these experts to 
make their experience with automated ambulatory BP 
recordings in normal subjects known for inclusion in the 
present review. Of the 20 letters sent out, 16 (80%) 
were answered. 

Twenty-four articles!-*3 were reviewed. The report 
by Pagny et al’ was not considered as a separate entity 
in the present analysis, because it was part of a collabo- 
rative research project.'? For all other studies,!-?3 there 
was no indication that the same subjects were included 
in >l report. 

Statistical methods: The following information was 
retrieved from the studies: number of participants, sex 
and age distribution, technique of ambulatory BP re- 
cording, and mean + standard deviation of the ambula- 
tory BP for all subjects included in each single study. 
When the latter was not directly available from pub- 
lished data, they were computed by weighting for the 
number of subjects included in each of the reported sub- 
groups. 
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TABLE I Studies in Normal or Normotensive Subjects 


First 


Author Year Subjects 


NT (OBP <140/90) 
Normal (OBP <140/90) 
NT (OBP <140/90) 
Healthy volunteers 
Attendees 
to health clinic 
NT (diastolic OBP <90) 
Healthy (OBP <128/90) 
Normal subjects 
NT (community-based) 
De Gaudemaris® Healthy workers 
Warling?! NT (mean OBP:135/84) 
Battistella!* NT 
Chanudet!? Healthy subjects 
Chau!4 * Shift workers 
Harshfield!® Adolescents recruited 
via schools, churches 
NT (diastolic OPB <90) 
Normal subjects 
Bank employees 
Staessen** Random sample 
Drayer* Healthy (OBP <150/95) 
Pickering? NT 
James!& NT (medical staff) 
Meyer-Sabellek!® NT 


Pomidossi!° 
Broadhurst??? 
Horan? 
Pickering? 
Kennedy? 


Weber? 
Sundberg 
Zachariah!” 
Imai? 


Enström?! 
Baumgart!? 
O'Brien?3 


Age ABP- 
(range) Men (%) Method Day / Nighttime 
37 (?-?) 
44 (18-74) 
49 (?-?) 
31 (26-43) 
40 (24-69) 


9-13/0—4 hours 
12-18/0-6 hours 
NA 
Awake /sleep 
Awake /sleep 


Prrss 


?(?-?) NA 
30 (27-40) 4-16 hours/sleep 
49 (20-79) 
59 (20-7) 
48 (20-59) 
37 (16-76) 

? (20-75) 
21 (?-?) 
30 (25-40) 
13 (9-18) 


8-22/0-6 hours 
9-19/23-7 hours 
6-22 /22-6 hours 
9-24/0-9 hours 
Awake /sleep 


50 (40-64) Awake /sleep 

? (19-71) ? 
36 (17-65) 10-20 /0-6 hours 
48 (20-79) 10-20/0-6 hours 
38 (20-60) 6-22 /22-6 hours 
31(?-?) Awake /sleep 
30(?-?) Awake /sleep 

? (?-?) 


A or A(O) 
Aor A(O) 
O or A(O) ? 


* Laborers worked on 3 shifts, but only results of the afternoon shifts (noon to 8 P.M.) are included in analysis. 
A, O, IA = auscultatory, oscillometric or intraarterial recording; A(O) = auscultatory technique with oscillometric back-up; NA = not applicable; NT = normotensive; OBP = office 


blood pressure. 


In some studies the upper limit of normal was ex- 
pressed as the ninetieth or ninety-fifth percentile of the 
data.®.23.24 However, since the subjects included in the 
various studies were not selected on the basis of their 
ambulatory BP, and since in most studies the ambulato- 
ry BP was considered to be normally distributed, the 
mean + 2 standard deviation boundaries were consid- 
ered to provide an approximate measure of the range of 
the ambulatory BP in normal subjects. Because the dis- 
tribution of the ambulatory BP in some reports was 
slightly skewed to the right, the mean + 3 standard de- 
viations was also computed. 

Statistics computed for all studies combined were 
weighted by the number of subjects included in each 
single study. 


RESULTS 

Description of studies: Gender and age of the sub- 
jects recruited in the various studies are listed in Table 
I. Six studies included only male subjects,!->'4!° and 1 
report only female subjects.!6 Mean age ranged from 
13!5 to 5922 years. One study!> recruited only adoles- 
cents, of whom 54% were black. The smallest study® 
included 9 persons, and the largest 815.7 

Several techniques were used to record the ambula- 
tory BP: direct intraarterial recordings in 2 studies,'°° 
an auscultatory method with®!!-!4! or without!-4°.822 
oscillometric back-up in 12 investigations, and a pure 
oscillometric technique in 3 studies.!??34 In studies us- 
ing a noninvasive technique, the interval between the 
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BP readings varied from 7.5 minutes'*~>* to as long as 
30 to 45 minutes.?:!27!,23,24 

Most reports presented the mean ambulatory BP 
during day- and nighttime activities, separately. How- 
ever, the duration and the timing of the day- and night- 
time periods differed slightly from 1 study to the other 
(Table I). In some studies the day was subdivided in 2 
parts, during which the subjects were awake or sleep- 
ing, respectively.23.9:!5.!6 By contrast, other investigators 
subdivided the day in 4 parts to eliminate the transition 
periods between being awake or asleep.***4 

Mean ambulatory blood pressure: Mean systolic 
and diastolic BP over 24 hours, either reported or 
computed, were available from a total of 21 stud- 
ies!-6.9-15,17-24 (Figure 1); for these 21 studies combined, 
they averaged 118 and 72 mm Hg, respectively. In ad- 
dition, the 95% confidence limits of the individual 
means indicated that 16 of the 21 reports!-69-!5,17-24 
(76%) were compatible with a mean systolic BP over 24 
hours of 115 to 120 mm Hg, and 18 (86%) with a mean 
diastolic BP of 70 to 75 mm Hg. 

The mean daytime BP was available in 20 investiga- 
tions?-4.8-24 and the mean nighttime BP was reported in 
18 studies.?-48-16.18-21,23.24 The former averaged 123/76 
mm Hg and the latter 106/64 mm Hg. In addition, the 
95% confidence limits of the individual daytime means 
showed that 16 of 20 studies?-48-24 (80%) were compat- 
ible with a mean systolic BP during the day of 120 to 
125 mm Hg, and 16 (80%) with a mean daytime dia- 
stolic BP of 75 to 80 mm Hg. Furthermore, 11 of 18 


a ee 


studies?-48-16.18-21,23.24 (61%) were compatible with a 
mean nighttime systolic BP of 105 to 110 mm Hg, and 
12 (67%) with a mean nighttime diastolic BP of 60 to 
65 mm Hg. 

In the 18 studies,?-48-!6.18-21,23.24 in which ambulato- 
ry BP during the day and night were reported separate- 
ly, the night/day BP ratio averaged 0.87 for systolic 
and 0.83 for diastolic pressure, with ranges across the 
studies from 0.79 to 0.92 and from 0.75 to 0.90, respec- 
tively. 

The influence of gender, age and race on mean 
blood pressure: In 8 studies,®!2!5.!8,20,21,23.24 results 
were reported for men and women separately: With 
weighting for the number of subjects included in these 
studies, the 24-hour systolic BP was, on average, 6 mm 
Hg (range across studies, 3 to 11 mm Hg) higher in 
men than in women, and the 24-hour diastolic BP 4 mm 
Hg (0.4 to 9 mm Hg). 

Most studies!-?45.8-11,13,14.21 did not report on the as- 
sociation or the correlation between the ambulatory 
pressure and age. However, in the reports,36!2.22-24 jn 
which the results were presented according to gender 
and age, the effects of age on systolic BP were different 
in the 2 sexes. Indeed, in the latter studies,3.-!2,22-24 
which included a total of 1,105 men and 1,319 women 
from ages 17 to >80 years, systolic BP increased on 
average 2.8 mm Hg per decade in women, but only 0.2 
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mm Hg per decade in men, whereas diastolic BP in- 
creased 1.1 mm Hg per decade in men as well as in 
women. 

The influence of age on the ambulatory BP of ado- 
lescents was found to be small and not significant when 
gender and race were accounted for.!5 In the 2 sexes 
combined, Zachariah et al!’ reported an increase in the 
24-hour ambulatory BP, from 122/67 to 125/69 mm 
Hg from 25 to 75 years. Broadhurst et al?? found a 
correlation of —0.37 (p <0.05) between age and the 
mean nighttime BP in men, but not in women, whereas 
in both sexes the correlations between age and the 24- 
hour and daytime BP were weak and not statistically 
significant. 

Only few studies reported on the influence of race on 
the ambulatory BP. Harshfield et al!5 reported that 
white and black adolescents had the same BP while 
awake (116/69 vs 116/69 mm Hg). White boys (106 
mm Hg), and white (105 mm Hg) and black (105 mm 
Hg) girls had similar systolic BP during sleep, but black 
boys had a significantly higher systolic BP (112 mm 
Hg).'° Black adolescents, as a group, had significant- 
ly higher diastolic BP while asleep than whites (64 vs 
61 mm Hg).!> 

Normal ambulatory blood pressure: The boundaries 
corresponding to the mean + 2 standard deviations and 
the mean + 3 standard deviations in individual studies 
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TABLE Il Proposal for Reference Values for the Ambulatory 
Pressure 


24-Hour Day Night 


Number of studies 21 19 18 
included in computations 
Number of subjects 
included in computations 
Hypotension limit* (mm Hg) 
Probable hypertension (mm Hg) 
Definite hypertension (mm Hg) 


3,414 3,226 2,395 


97/57 
139/87 
149/94 


101/61 
146/91 
157/99 


86/48 
127/79 
137/87 


* Reference values were based on the mean + 2 standard deviations, and the 
mean + 3 standard deviations in various studies (see Results for further details). 


are shown for 24-hour ambulatory BP in Figure 1. 
These boundaries for all studies combined, weighted by 
the number of subjects included in each single study, 
appear in Table II. 


DISCUSSION 

The clinical application of ambulatory BP measure- 
ments is hampered by the lack of generally accepted 
reference values. The present meta-analysis suggests 
that hypertension may be suspected when the 24-hour 
ambulatory BP is higher than 139/87 mm Hg, or when 
the day- or nighttime BP exceeds 146/91 or 127/79 
mm Hg, respectively (Table II). The limits proposed for 
the 24-hour and daytime BP approximate the 140/90 
mm Hg boundary often used in clinical practice for BP 
readings obtained by an observer. 

Similar to the 140/90 mm Hg upper limit for nor- 
motension proposed by the World Health Organization 
for clinic BP,” no attempt was made to derive race-, 
sex- or age-specific reference values. The overall effect 
of age on ambulatory BP was smaller than expected, 
especially for systolic BP in men. This may be due to 
the selection of normotensive subjects across the age 
strata in various studies. However, also in population 
studies, in which BP was measured by an observer and 
in which hypertensive subjects were not excluded, sys- 
tolic BP increased from 117 to 135 mm Hg in women 
from 20 to 70 years old, but only from 129 to 138 mm 
Hg in men of a similar age range.”° 

Combining the experience of several investigators 
provides a practical way for estimating the mean and 
range of the normal ambulatory BP in all published re- 
ports. Nevertheless, whether ambulatory BP measure- 
ments obtained with different techniques may be pooled 
remains open for debate. In 1 study,!° diastolic BP was 
probably somewhat underestimated because of the in- 
sertion of the intraarterial catheter in the distal radial 
artery, but visual inspection of Figure 1 demonstrates 
that the use of differing techniques did not produce sys- 
tematic bias. In addition, the intermittency of noninva- 
sive ambulatory BP measurements up to an interval of 
30 to 60 minutes does not preclude an accurate assess- 
ment of the true intraarterial BP level.” Studies with 
the Remler-recorder were not considered for inclusion 
in the present meta-analysis, because this technique 
does not allow the assessment of BP during sleep, and 
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the muscular activity required for cuff inflation may 
cause a transient increase in BP.” 

Some of the studies listed in Table I recruited indus- 
try workers®'4+ or bank employees. However, in a 
study that recruited its healthy subjects from a random 
population sample,”* the ambulatory BP averaged 118/ 
71 mm Hg over 24 hours, 124/76 mm Hg during the 
day (10 a.m. to 8 p.M.), and 108/62 mm Hg at night (0 
A.M. to 6 A.M.). These values are almost identical to the 
averages obtained for all studies combined in the pres- 
ent meta-analysis. These findings suggest that the refer- 
ence values presented in Table II and those that will 
eventually emerge from population surveys will not be 
much different. Nonetheless, if the limits proposed in 
the present meta-analysis (Table II) would be applied in 
clinical practice, their relevance in relation to the inci- 
dence of cardiovascular morbidity and mortality needs 
further clarification.??° 
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CONGESTIVE HEART FAILURE 


Hemodynamic and Neurohormonal Effects of 

Quinidine in Patients with Severe Left Ventricular ` 
Dysfunction Secondary to Coronary Artery 

Disease or Idiopathic Dilated Cardiomyopathy 


Stephen S. Gottlieb, MD, and Michelle Weinberg, RN 


Quinidine causes vasodilation directly and by inhibi- 
tion of adrenergic vasoconstriction, but it also ex- 
erts negative inotropic activity. Although this drug 
is often administered to patients with severe con- 
gestive heart failure, the net consequences of these 
opposing actions have not been evaluated in such 
patients. The hemodynamic and neurohormonal re- 
sponse to oral quinidine (600 mg) in 19 patients 
with severe chronic heart failure was therefore de- 
termined. Vasodilation was the predominant effect 
of quinidine, with reductions in mean arterial, left 
ventricular filling and right atrial pressures of —9% 
(confidence interval [CI] —5 to —13), -8% (CI -19 
to 3), —15% (CI —26 to —4), respectively. The 
quinidine-induced vasodilation increased plasma 
norepinephrine and epinehrine concentrations by 
44% (CI +17 to +72) and 47% (CI +2 to +91), re- 
spectively. No change in cardiac performance was 
noted, with the cardiac index slightly increased 
(+10%, Cl +2 to +17) and stroke work index un- 
changed (0%, CI —11 to +11) after quinidine. Al- 
though the mean serum quinidine concentration 
was within the therapeutic range or lower in all pa- 
tients, the serum quinidine concentration and the 
change in mean arterial pressure did correlate (r? 
= 0.64). In conclusion, vasodilation is the predomi- 
nant hemodynamic effect of oral quinidine in pa- 
tients with congestive heart failure. However, po- 
tential adverse effects may be caused by conse- 
quent neurohormonai activation. 

(Am J Cardiol 1991;67:728-731) 
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adverse hemodynamic effects when given a medi- 

cation that causes no such problems in normal 
persons. For example, we have demonstrated that the 
administration of antiarrhythmic agents thought to | 
possess minimal negative inotropic activity may cause 
marked clinical and hemodynamic deterioration when 
given to a patient with severe left ventricular (LV) dys- 
function. Although encainide, tocainide and mexiletine 
reportedly have minimal hemodynamic consequences 
in persons with normal cardiac function, we observed 
marked increases in LV filling pressure and decreases in 
cardiac output when these agents were given to patients 
with severe heart failure.! 

There are reasons to suspect that the hemodynamic 
actions of quinidine could have considerable impact in 
patients with congestive heart failure, but quinidine’s 
clinical effects are difficult to predict because of its vari- 
ous hemodynamic actions. As with other antiarrhyth- 
mic agents, quinidine exerts negative inotropic activity 
when studied in vitro,? but unlike most other antiar- 
rhythmic agents it also is a vasodilator. Clinical studies 
have not noted appreciable hemodynamic effects with 
quinidine, but this drug has never been studied in pa- 
tients with severe LV dysfunction using invasive hemo- 
dynamic monitoring. This is important information, be- 
cause patients with heart failure are frequently given 
quinidine for ventricular or supraventricular arrhyth- 
mias. We therefore evaluated the effects of quinidine in 
patients with severe congestive heart failure using inva- 
sive hemodynamic monitoring. 


P atients with congestive heart failure may exhibit 


METHODS 

Patients: We studied 19 patients with severe LV 
dysfunction who were referred for the treatment of re- 
fractory heart failure. There were 17 men and 2 women 
aged 34 to 82 years (mean age + standard error of the 
mean 59 + 3). All patients had a LV ejection fraction 
<40% by radionuclide angiography (range 8 to 39%, 
mean 21 + 2). The cause of heart failure was coronary 
artery disease in 8 patients and dilated cardiomyopathy 
in 11 patients. Thirteen patients were in New York 
Heart Association functional class III and 6 were in 
class IV. All patients were receiving constant doses of 
digitalis and diuretic drugs; previous therapy with vaso- 
dilator or antiarrhythmic drugs was withheld for 224 
hours before entry into the study. 


ic measurements: After written, in- 
formed consent was obtained, right-sided cardiac cathe- 
terization and arterial cannulation were performed, and 
ı patients were permitted to rest overnight to allow for 
the dissipation of hemodynamic changes related to in- 
travascular instrumentation. On the next morning, after 
all cardioactive medications were withheld for >28 
hours, the following hemodynamic variables were mea- 
sured repeatedly in the fasting state until hemodynamic 
stability was achieved: mean arterial pressure, heart 
rate, LV filling pressure, mean right atrial pressure and 
cardiac output, using procedures that have been de- 
scribed previously.* 

Each patient then received a single oral dose of 600 
mg of quinidine, and all hemodynamic variables were 
reassessed every 15 minutes for 90 minutes after admin- 
istration of the drug. Seventy-five minutes after the ad- 
ministration of quinidine, blood was collected for the 
measurement (by fluorescent polarization immunoas- 
say) of serum levels of the drug. 

Data analysis: The hemodynamic response to each 
drug was evaluated by comparing the hemodynamic 
variables measured after administration of the drug 
with pretreatment values, using analysis of variance and 
Fisher’s protected least significant difference. Variables 
measured at the peak effect of the drug (75 minutes 
after administration) were compared with pretreatment 
values using the ¢ test for paired data. Group data are 
expressed as mean + standard error of the mean. Nine- 
ty-five percent confidence intervals (CIs) are given 
where appropriate. 


RESULTS 
ic response: Vasodilation was the pre- 
dominant effect of quinidine in these severely ill patients 
(Table I). The mean systemic vascular resistance and 
LV filling, right atrial and mean arterial pressures de- 
creased significantly. The mean percent change in these 
parameters were —14 (CI —5 to —23), —8% (CI —19 to 
3), —15% (CI —26 to —4) and —9% (CI —5 to —13), 
respectively. No change in cardiac performance was 
noted, with minimal changes in the cardiac index 
(+10%, CI 2 to 17) and stroke work index (0%, CI —11 
to +11). The heart rate increased 3% (CI —3 to +8). 
Serum quinidine concentrations: The mean serum 
quinidine concentration measured at 75 minutes was 2.2 
+ 0.4 ug/ml in the 17 patients in whom it was deter- 
mined and the level was within the therapeutic range (2 
to 6 ug/ml) in all patients (Figure 1). Nevertheless, the 
serum quinidine level and the change in mean arterial 
pressure did correlate (r? = 0.64). Similarly, the peak 
hemodynamic effect occurred at the expected time of 
peak serum levels (Figure 2). Vasodilation was noted at 
30 minutes, and peaked between 75 and 90 minutes. 
Catecholamine concentrations: The vasodilation 
caused by quinidine appeared to initiate an increase in 
plasma norepinephrine and epinephrine concentrations 
(Table I), with mean plasma norepinephrine increasing 
44% (CI +17 to +72) and mean plasma epinephrine 
increasing 47% (CI +2 to +91). There was a correla- 
tion between the change in the mean arterial pressure 
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and the change in the log of the norepinephrine concen- 
tration, with r = 0.57 (Figure 3). 

Clinical response: Two of the 19 patients had symp- 
tomatic hypotension with quinidine. One patient be- 
came dizzy and diaphoretic at the time of peak hemody- 
namic effect, when the mean arterial pressure had de- 
creased from 101 to 71 mm Hg. The symptoms and 
hypotension resolved spontaneously. The second patient 
experienced nausea coincident with a decrease in mean 
arterial pressure from 75 to 60 mm Hg 75 minutes after 
quinidine administration. These symptoms resolved, but 
3 hours after quinidine the patient developed ventricular 
tachycardia necessitating cardioversion. Dyspnea did 
not increase in any patient with quinidine. 





FIGURE 1. The change in mean arterial pressure (AMAP, mm 
Hg) as related to the serum quinidine obtained 
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DISCUSSION 

This is the first study to evaluate invasively the he- 
modynamic effects of quinidine in patients with severe 
heart failure. In contrast to our previous reports of im- 
portant negative inotropic effects with the administra- 
tion of other antiarrhythmic agents to patients with se- 
vere heart failure, vasodilation was the predominant re- 
action to quinidine in this study; an adverse effect on 
LV function could not be discerned. 

Vasodilatory effects: The vasodilatory effects of 
quinidine are well known. As far back as 1948, de- 
creased blood pressure was reported in most patients 
given a single oral dose of quinidine.’ Our findings of 
marked vasodilation are consistent with previous reports 
of the hemodynamic actions of quinidine.>©’ 

The extent to which the observed hypotensive effects 
are secondary to arterial vasodilation or to venodilation 
is disputed. Some studies report no change in systemic 
vascular resistance and attribute hypotension to de- 
creased preload,’ whereas others report marked de- 
creases in systemic vascular resistance.’ In the present 
study, the marked decrease in systemic vascular resis- 
tance reflects maintenance of cardiac output despite a 
marked reduction in mean arterial pressure and sup- 
ports the concept that arterial vasodilation caused by 
quinidine is hemodynamically important. 

The venous and arterial vasodilatory effects of quini- 
dine are probably mediated by both a direct action on 
the vasculature and by inhibition of adrenergic vasocon- 
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FIGURE 2. Effects of quinidine on mean arterial pressure, left 

ventricular filling pressure and cardiac index in 19 patients 

with severe chronic heart failure. Values are shown for each 
variable at baseline and every 15 minutes (for 


cance (p <0.05) compared with time 0 (before quinidine). 
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striction. A direct vasodilatory effect is supported by 
studies demonstrating vasodilation with quinidine in de- 
nervated tissues. The importance of the adrenergic sys- 
tem is supported by reports of a decreased vasoconstric- 
tor response to sympathetic nervous stimulation in the 
presence of quinidine, but this drug had no effect on the 
response to nonadrenergic vasoconstrictors.:!° The ef- 
fects of the increased catecholamine concentrations af- 
ter the administration of quinidine may therefore be 
largely attenuated; the inability of high catecholamine 
levels to counteract vasodilation could explain the 
marked blood pressure response that we observed. 

Inotropic effects: The inotropic actions of quinidine 
have been more controversial than its vasodilator ef- 
fects. There is evidence both for?+:!!!2 and against®! 
a cardiac depressant effect. Negative inotropy might be 
expected because of its electrophysiologic actions; quini- 
dine decreases the inward calcium current.'* However, 
other ion channels are also affected and could result in 
an opposite effect. In fact, changes in heart rate may 
alter quinidine’s actions on the different ion channels by 
varying degrees, and may explain the contradictory ino- 
tropic findings of previous studies.'° Previous studies, 
using insensitive methods (such as nuclear assessment of 
ejection fraction and volumes or echocardiographic pa- 
rameters) to analyze quinidine’s actions in patients with 
heart failure, have suggested a lack of clinically measur- 
able negative inotropic effects.!6!7 However, such pa- 
rameters do not reliably indicate the clinical response to 
a medication.'* This study, which used invasive hemo- 
dynamic monitoring in patients with severe congestive 
heart failure, strongly indicates that in the clinical set- 
ting quinidine should not cause impairment of LV func- 
tion. 

Neurohormonal activation: The increase in catechol- 
amine concentrations seen in our patients was probably 
not directly caused by quinidine, but rather resulted 
from the marked hypotension that was observed. Never- 
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theless, the net actions of quinidine may partially de- 
pend on the extent of reflex sympathetic activity.’ Al- 
though the catecholamines did not increase heart rate, it 
is possible that the demonstrated lack of cardiodepres- 
sant effect may be partially explained by adrenergic 
stimulation. Other neurohormonal systems are undoubt- 
edly also activated and may also counteract any nega- 
tive inotropic actions of quinidine. 

Neurohormonal stimulation could also limit the va- 
sodilator effects of quinidine, but only to the extent that 
quinidine does not interfere with the actions of catechol- 
amines. Quinidine-mediated increases in neurohormonal 
activity could have adverse consequences, contributing 
to the paradoxical increase in the frequency of ventricu- 
lar arrhythmias sometimes seen with quinidine or re- 
sulting in a decrease in 6-receptor concentration with 
potential deleterious long-term consequences. 

Serum concentrations: The hypotensive response to 
quinidine was directly related to serum concentrations 
of the drug. Although all serum quinidine determina- 
tions were within or below the usual therapeutic range, 
this direct relation suggests that vasodilation is not an 
idiosyncratic response, but an expected consequence of 
quinidine’s mechanism of action. Patients with conges- 
tive heart failure may be particularly susceptible to the 
hypotensive effect of quinidine. First, severe heart fail- 
ure often leads to low blood pressure, and further reduc- 
tions could be detrimental. Second, high serum concen- 
trations of normally dosed quinidine may result from 
the abnormal metabolism of quinidine in patients with 
LV dysfunction.*? Although careful follow-up can pre- 
vent toxic levels of quinidine, this study shows that ther- 
apeutic concentrations may also cause hemodynamic al- 
terations. 

Study limitations: We attempted to approximate the 
hemodynamic effects seen during long-term therapy by 
determining the response to a single loading dose of 
quinidine. Although higher than the usual initiation 
dose, administration of 600 mg of quinidine achieved 
plasma concentrations of the drug similar to those that 
are associated with an antiarrhythmic effect during 
long-term therapy.”! The importance of the plasma con- 
centration is emphasized by the results of this study. 
Although hypotension could occur with any serum quin- 
idine concentration, there was a clear relation between 
the serum level and the hemodynamic effect. Of course, 
chronic responses to any hemodynamic alteration can- 
not be determined by a short-term study. For example, 
it is possible that chronic neurohormonal activation 
would counter the vasodilation that we observed. 

To the extent that any acute study can approximate 
long-term therapy, this study should reflect the effects 
of long-term administration of quinidine in patients 
with severe heart failure. Our findings indicate that the 
net inotropic impact of initiating quinidine is probably 
not clinically important. However, the vasodilatory ef- 


fects can be significant, and patients with congestive 
heart failure need to be watched carefully when quini- 
dine is initiated. 
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We have previously demonstrated that short-term 


infusion of calcitonin gene-related peptide (CGRP) 
has beneficial effects in congestive heart failure. 
The effects of prolonged infusion of CGRP on he- 
modynamic functions, plasma hormones and renal 
blood flow were studied in 9 patients with conges- 
tive heart failure (New York Heart Association 
class Ill or IV, ejection fraction <35%). Hemody- 
namic variables were measured at 30-minute inter- 
vals for 8 hours during CGRP infusion (8 ng/kg/ 
min) and for 2 hours after discontinuation. CGRP 
caused a decrease in right atrial (28%, p <0.05), 
pulmonary artery (22%, p <0.02), pulmonary ar- 
tery wedge (37%, p <0.001) and systemic arterial 
(18%, p <0.05) pressures. Systemic vascular resis- 
tance decreased more than pulmonary vascular re- 
sistance. Cardiac output (72%, p <0.001) and 
stroke volume (60%, p <0.02) increased. Heart 
rate did not change. There was no evidence of tol- 
erance throughout the infusion. The hemodynamic 
effects were lost within 30 minutes of stopping 
CGRP. Renal blood flow (34%, p <0.01) and glo- 
merular filtration rate (43%, p <0.01) increased. 
Atrial natriuretic peptide decreased (p <0.05), 
while plasma cortisol (p <0.02) increased. Plasma 
epinephrine, norepinephrine, renin activity, aldoste- 
rone and growth hormone were unchanged. It is 
concluded that in patients with severe congestive 
heart failure, CGRP has sustained beneficial effects 
on hemodynamic functions and has no adverse ef- 
fects on hormones. Unlike many other vasodilators, 
CGRP also increases renal blood flow and glomeru- 
lar filtration. 

(Am J Cardiol 1991;67:732—736) 
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nate products of the calcitonin gene. These re- 

cently discovered regulatory neuropeptides are 
widely distributed in humans and animals,' located pri- 
marily in the central and peripheral nervous system, the 
heart and blood vessels.? Relatively large amounts of 
circulating CGRP are detectable in humans.’ In the 
heart and blood vessels, specific CGRP-binding sites 
have been recognized*> and CGRP has been shown to 
bind to them. The peptide is one of the most powerful 
vasodilators known® and in certain species has been 
shown to have positive inotropic and chronotropic ef- 
fects.’ Endogenous levels of CGRP are elevated in 
patients with congestive heart failure, and short-term 
infusion of CGRP has beneficial cardiovascular effects.* 
In this study we report the effects of prolonged infusion 
of this peptide on the hemodynamic functions, renal 
blood flow and hormone profile in patients with severe 
chronic congestive heart failure. 


Cie gene-related peptides (CGRP) are alter- 


METHODS 

Patients: The studies were performed in 9 patients 
(age 52 + 3 years) with severe chronic congestive heart 
failure (New York Heart Association class III and IV, 
ejection fraction <35%). Four patients had coronary ar- 
tery disease and the remaining 5, idiopathic dilated car- 
diomyopathy. Three patients had mitral regurgitation 
(grades I to II) and 1 had tricuspid regurgitation (grade 
I). The diagnosis was made on the basis of clinical, 
echocardiographic, hemodynamic and angiographic cri- 
teria. Each patient gave written informed consent to the 
study protocol that was approved by the ethics commit- 
tee. All patients were taking digoxin and diuretic drugs 
(average dose of furosemide 160 mg/day). None was 
receiving vasodilator therapy. Patients were excluded if 
they had an arrhythmia requiring treatment, unstable 
angina, recent myocardial infarction or chronic obstruc- 
tive airway disease. 

Protocol: Patients were admitted to the hospital 1 
week before the start of the study. Baseline investiga- 
tions were performed during this period and stability of 
their clinical status was assessed. A day before CGRP 
infusion, effective renal plasma flow and glomerular fil- 
tration rate were estimated using isotope dilution tech- 
niques.’ On the next day, studies commenced 2 hours 
after a light breakfast. After instrumentation, they rest- 





HR RAP PAP PAWP 





Basal 98+5 1142 3741 2442 
During infusion 
30 minutes 10045 842 2943 16+2 
2 hours 103+3 8+2 3l+3 1542 
4 hours 102+5 8+2 31 £3 1542 
6 hours 102+4 841 3142 17+2 
8 hours 99+3 942 3341 1742 
Infusion discontinued (ID) 
30 minutes 1064 1142 3842 2243 
2 hours 106+5 1142 3743 2242 





Statistics: p values (paired ttest) 


Basal vs 30 minutes 0.36 0.02 0.01 <0.001 
Basal vs 8 hours 0.57 0.02 0.06 0.02 
4hours vs 8 hours 0.62 0.85 0.79 0.71 
8hours vs 30 minutesID 0.20 0.15 0.05 0.02 
Basal vs 30 minutes ID 0.30 0.93 0.71 0.64 
Basal vs 2 hours ID 0.35 1.00 0.89 0.54 





Values are expressed as mean + standard error of the mean. 


ed in bed for 1 hour. After baseline hemodynamic mea- 
surements were obtained, a blood sample was taken 
from a peripheral vein for estimating basal hormone 
levels. Human alpha-CGRP (Celltech Ltd., Berks, 
United Kingdom) was then infused into a forearm vein 
using an infusion pump (Harvard apparatus, model 
902) at a dose of 8.0 ng/kg/min and was continued for 
8 hours. The electrocardiogram and systemic arterial 
pressure were monitored continuously during the study. 
Hemodynamic measurements were obtained at half- 
hour intervals during the infusion. Measurements of ef- 
fective renal plasma flow and glomerular filtration rate 
were begun 2 hours after starting the infusion. A second 
blood sample for hormone assay was taken at 6 hours 
into the infusion from a peripheral vein in the arm con- 
tralateral to that being infused. At the end of 8 hours, 
the infusion was discontinued while hemodynamic mea- 
surements were continued for another 2 hours. 

Hemodynamics: Hemodynamic measurements were 
obtained with a Swan-Ganz catheter placed in the pul- 
monary artery. Systemic arterial pressure was measured 
with intraarterial cannulation of the left brachial artery 
using a 3Fr Teflon catheter (Seldicath). Pressures were 
measured with Hewlett Packard model 1290C quartz 
transducers and a Hewlett Packard model 78354A 
monitor. Cardiac output was determined by ther- 
modilution (SP1445, Gould, Cleveland, Ohio). He- 
modynamic variables were derived using standard 
formulas. 

Hormone assay: Hormone assays were performed 
on a 30-ml blood sample drawn from a forearm vein 
using methods previously described.*!° Briefly, plasma 
norepinephrine and epinephrine were measured by high- 
performance liquid chromatography with electrochemi- 
cal detection. Plasma renin activity, atrial natriuretic 
peptide, aldosterone, cortisol, prolactin and growth hor- 
mone were measured by radioimmunoassay. Plasma 
concentrations of CGRP were measured by a nonequi- 


TABLE I Effects of Prolonged CGRP Infusion (8.0 ng/kg/min) in Patients with Congestive Heart Failure 


(beats/min) (mmHg) (mmHg) (mmHg) (mmHg) (L/min/m2) (ml/beat/m?) (dynes -s-cm-5) 


AoP = mean aortic pressure; CGRP = calcitonin gene-related peptide; CI = cardiac index; HR = heart rate; PAP = mean pulmonary artery pressure; PAWP = pulmonary artery 
wedge pressure; PVR = pulmonary vascular resistance; RAP = right atrial pressure; SVI = stroke volume index; SVR = systemic vascular resistance. 





AoP cl SVI PVR SVR 

























88+5 1.80.2 1942 401+80 2,1644159 
80+4 28403 28+3 3014196 1,392+211 
7543 3.0403 29+3 3314106 1,237 + 203 
7643 3.1404 30+3 396+ 203 1,2004+163 
7443 3.1404 30+3 3664150 1,1484112 
7321 3.0+0.4 3043 3594144 1,1324114 
8345 2440.5 2344 4974196 1,664+206 
8543 24403 2343 445+160 1,6814192 















0.09 <0.001 0.01 0.01 <0.001 
0.04 0.01 0.01 0.85 <0.001 
0.95 0.92 0.87 0.64 0.96 
0.03 0.01 0.01 0.05 0.01 
0.54 0.24 0.37 0.65 0.10 
0.63 0.14 0.26 0.82 0.09 












librium radioimmunoassay with a standard range curve 
of 2.5 to 250 pg/ml using a commercial kit (Immuno- 
technology Service Production). Analytical recovery 
of synthetic CGRP was 67%. The assay sensitivity was 
10 pg/ml. 

Effective renal plasma flow and glomerular filtra- 
tion rate: Effective renal plasma flow and glomerular 
filtration rate were measured using radioactive isotope 
of iodine-125-labeled hippuran and chromium-51-la- 
beled ethylenediaminetetraacetic acid, respectively, as 
described previously.’ 

Statistics: Data are given as mean + standard error 
of the mean. The difference in various parameters was 
estimated by the Student’s paired ¢ test. A p value 
<0.05 was considered significant. 


RESULTS 

All patients completed the study without any 
complications. No patient was allergic to the drug. 
There was a marked reduction in orthopnea and pos- 
tural cough during infusion of CGRP. Most patients 
felt symptomatically better the next morning. Physical 
signs, however, remained unchanged. No subject com- 
plained of flushing or headache during the infusion. The 
drug did not affect the hematocrit, full blood count or 
biochemical tests for liver and renal functions. One pa- 
tient developed slight fever at the fourth hour of infu- 
sion due to a pyrogen reaction to intravenous fluids. He 
completed the study but his data have been excluded 
from the analysis. 

Hemodynamics: Hemodynamic data are given in 
Table I. CGRP infusion caused a decrease in both 
the pulmonary (22%, p <0.02) and systemic (18%, p 
<0.05) artery pressures. However, systemic vascular 
resistance decreased to a greater extent (47%, p 
<0.001) than pulmonary vascular resistance (Figure 1). 
The drug reduced pulmonary arterial wedge (37%, p 
<0.001) and right atrial (28%, p <0.05) pressures. Car- 
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diac output increased 72% (p <0.001) during infusion 
(Figure 2). Heart rate did not change significantly and 
stroke volume increased 60% (p <0.02). All hemody- 
namic changes occurred within minutes of starting the 
infusion and stabilized by 30 minutes. Thereafter, the 
effect of the drug was maintained throughout the period 
of infusion. There was no tolerance in any of the hemo- 
dynamic parameters. Hemodynamic variables returned 
to the basal level within 30 minutes of discontinuing the 
drug. 

Hormones: The hormone data during the study are 
listed in Table II. Immunoreactive levels of CGRP be- 
fore infusion were 42 + 19 pg/ml (normal for our labo- 


SYSTEMIC ARTERY PRESSURE 
(mmHg) p < 0.05 


ttt 


SYSTEMIC VASCULAR RESISTANCE 


(dynes.sec.cm™) 1,000 


(dynes.sec.cm 5) 


800 1 —— m 


1,000 
BASAL 0.5 


CGRP INFUSION (hrs) POST INF (hrs) 


CARDIAC INDI 
(Vmin/m?) 


hs ss ss 


HEART RATE 


(beats/min) (mmHg) 


p < 0.001 


80 10 
BASAL 0.5 2 4 6 BASAL 0.5 


C) 
CGRP INFUSION (hrs) POST INF (hrs) 
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PULMONARY VASCULAR RESISTANCE 





CGRP INFUSION (hrs) 


PULMONARY WEDGE PRESSURE 


CGRP INFUSION (hrs) 





ratory at 2.5 to 19 pg/ml) and increased to 157 + 26 
pg/ml (p <0.01) when measured at the sixth hour of 
infusion. Atrial natriuretic peptide levels decreased (p 
<0.05) while serum cortisol increased (p <0.02). None ~ 
of the other hormone levels showed any significant 
change. 

Renal blood flow and glomerular filtration rate: Re- 
nal blood flow and glomerular filtration rate measured 
a day before the infusion of CGRP were 129 + 24 and 
51 + 7 ml/min/1.73 m?, respectively. During infusion 
of CGRP, the renal blood flow increased in every pa- 
tient and the average increased to 173 + 23 ml/min/ 
1.73 m2, an increase of 34% (p <0.01). Similarly, the 


PULMONARY ARTERY PRESSURE 
(mmHg) 


< 0,05 
P p 


FIGURE 1. Effect of an 8-hour infusion 
(INF) of calcitonin gene-related peptide 
(CGRP) on the systemic and pulmonary 
arterial pressure and resistance in patients 
with severe congestive heart failure. ns = 
not significant. 


POST INF (hrs) 


FIGURE 2. Effect of an 8-hour infusion 


with severe congestive heart failure. ns = 
not significant. 


0.5 2 
woa 
POST INF (hrs) 










TABLE Il Effect of Infusion of CGRP (8 ng/kg/min) on Hormones in Patients with Congestive Heart Failure 









(normal limits 9-70) 


*n=7. 
Values are expressed as mean + standard error of the mean. 
CGRP = calcitonin gene-related peptide. 









glomerular filtration rate increased in all patients, the 
mean increasing to 72 + 7 ml/min/1.73 m2, an increase 
of 43% (p <0.01). 


DISCUSSION 

We have previously shown that short-term infusion 
of CGRP in patients with severe congestive cardiac fail- 
ure caused a dose-dependent increase in cardiac output 
and a decrease in pulmonary and systemic vascular re- 
sistance. At low doses (0.8 and 3.2 ng/kg/min), CGRP 
behaved as a pure arteriolar vasodilator, whereas at the 
highest dose (16 ng/kg/min) it was a mixed vasodila- 
tor.’ In the present study we chose a dose (8 ng/kg/ 
min) midway between the regimens used before. CGRP 
caused a profound increase in cardiac output, a decrease 
in ventricular filling pressures, pulmonary and systemic 
arterial pressures, and vascular resistance. CGRP is also 
reported to be a potent pulmonary vasodilator.’.!! How- 
ever, in the dose used in this study, although the pulmo- 
nary vascular resistance decreased initially, the reduc- 
tion was not sustained later during the infusion because 
the pulmonary arterial wedge pressure decreased dis- 
proportionately more than the mean pulmonary artery 
pressure. Similar to our earlier observations,*® heart rate 
did not change throughout the infusion. Tachycardia is 
frequently seen when CGRP is infused in normal volun- 
teers,*°’ patients with subarachnoid hemorrhage,!2 and 
in subjects with Raynaud’s syndrome.!3 The absence of 
tachycardia in patients with congestive heart failure 
may be due to a specific effect of this peptide on CGRP 
receptors in the sinus node.'* There was no attenuation 
in hemodynamic response to CGRP during the entire 
period of infusion, suggesting that at least over an 8- 
hour period, the drug does not show tolerance. This is 
consistent with other (short-term) infusion studies.35:7-!2 

Renal blood flow: Renal blood flow is an important 
factor in the development of the clinical syndrome of 
congestive heart failure.!°!5-!7 It is a determinant of 
some important neurohormonal responses!> and of salt 
and water retention.'>!7 Renal blood flow is reduced in 


Epinephrine (pg/ml) 236 + 117 197+76 0.47 
(normal limits 0-70) 

Norepinephrine (pg/ml) 1,086 + 189 1,009 + 172 0.75 
(normal limits 0-370) 

Plasma renin activity (ng/ml/hour) 4+2 442 0.64 
(normal limits 0.2-2.4) 

Aldosterone (pg/ml) 338 + 138 346 + 147 0.66 
(normal limits 20-120) 

Growth hormone (ng/ml) 341 341 0.83 
(normal limits 0.5-6) 

Prolactin (ng/ml) 92 842 0.78 
(normal limits 5-15) 

Cortisol (ng/ml) 172425 269 + 33 0.01 
(normal limits 50-200) 

Atrial natriuretic peptide (pg /ml)* 300 + 34 247 +41 0.03 



















patients with congestive heart failure.?!° CGRP in- 
creased renal blood flow and glomerular filtration rate 
during a reduction in blood pressure. This effect is un- 
like other vasodilators, where hypotension limits the ef- 
fect on renal blood flow and natriuresis. !8-!9 

Hormones: Prolonged infusion of the peptide caused 
a decrease in atrial natriuretic peptide similar to that 
seen in our acute short-term study® and is probably due 
to left atrial decompression. CGRP increases norepi- 
nephrine levels in normal volunteers*.’ but did not do 
so in patients with congestive heart failure. Although 
norepinephrine is depleted from the nerve endings”? and 
reflex release of the hormone is blunted in congestive 
heart failure,' many vasodilators increase plasma cate- 
cholamine levels.'* The findings in our patients could be 
due to a specific effect of the peptide. Drugs that ad- 
versely influence the neurohormonal axis are of little 
benefit in the long-term management of congestive 
heart failure.!5-182223 The lack of deleterious effect on 
the neurohormonal axis during CGRP infusion may be 
an advantage. 
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CONGENITAL HEART DISEASE 


Analysis of Survival in Patients with Pulmonic 
Valve Atresia and Ventricular Septal Defect 
Michael Hofbeck, MD, Jan T. Sunnegårdh, MD, Patricia E. Burrows, MD, C. A. F. Moes, MD, 


Nancy Lightfoot, PhD, William G. Williams, MD, George A. Trusler, MD, 
and Robert M. Freedom, MD 


This study reviews the clinical course of 104 con- 
secutive patients with pulmonic valve atresia and 
ventricular septal (VSD) defect who were diagnosed 
in the first year of life and followed for a mean peri- 
od of 4.95 years (range 2 days to 13.75 years). 
Specific attention was paid to the nature of the pul- 
monary blood supply and to its influence on patient 
outcome. Confluent pulmonary arteries supplied by 
a single ductus arteriosus were present in 72 pa- 
tients (69%, group I), whereas 32 patients (31%, 
group Il) had a pulmonary blood supply that was 
partially or exclusively dependent on systemic col- 
lateral arteries. An estimate of the probability of 
survival for 10 years was 69% in the entire cohort, 
with no difference between patients in group | and 
group Il. Definitive surgical repair was performed 
in 33 of 72 group I patients (46%), compared with 
5 of 32 group Il patients (16%). Arborization and 
distribution abnormalities of the pulmonary arteries 
as well as intrapulmonary stenoses that were ex- 
clusively present in patients with systemic collater- 
al arteries (p <0.00001) accounted for the signifi- 
cantly lower probability of undergoing corrective 
surgery in group Il patients. 

(Am J Cardiol 1991;67:737-743) 
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ulmonic valve atresia with ventricular septal 

defect (VSD) is an uncommon congenital cardiac 

anomaly, the prevalence of which is quoted as 
0.042 in 1,000 live births.' It embraces a wide spectrum 
of congenitally malformed hearts that have in common 
the absence of direct flow from the ventricular mass to 
the pulmonary arteries. Pulmonary blood flow in such 
patients can be mediated through a number of arterial 
channels. These could either be a unilateral or bilateral 
ductus arteriosus, systemic collateral arteries, coronary 
to pulmonary artery communications, an aortopulmo- 
nary window or increased bronchial arterial supply.?-!2 
Although there are considerable data addressing sur- 
gical results in specifically referred cohorts of pa- 
tients,'>-!9 there are little life-table data available on in- 
fants with pulmonary atresia and VSD. This study ana- 
lyzes survival in a large cohort of patients seen in the 
first year of life in a single institution. It was also of 
interest to study the relation between survival and the 
type of pulmonary arterial blood supply. 


DEFINITION 

Pulmonic valve atresia with VSD is characterized by 
a biventricular heart with a large VSD, a single outlet 
aorta and no direct flow from the ventricles to the pul- 
monary arteries. The atresia may extend into the pul- 
monary trunk and into 1 or both central pulmonary 
arteries. For simplicity, we will summarize these sub- 
groups in the forthcoming text under the term pulmo- 
nary atresia. In most cases, the aorta overrides the 
VSD, but it may be connected preferentially to either 
ventricle. For this study, we excluded patients with 
hearts that are functionally or anatomically univentricu- 
lar and thus require a Fontan-type repair. We included 
all patients with a biventricular heart, irrespective of 
whether the atrioventricular connection could be consid- 
ered concordant or discordant. 

The 2 major sources of pulmonary blood supply in 
pulmonary atresia are the persistent ductus arteriosus 
and systemic collateral arteries. With few exceptions, 
any given bronchopulmonary segment will be supplied 
either by a ductus arteriosus or by systemic collateral 
arteries, not by both.!? A ductus arteriosus is defined as 
a vessel that arises either from the undersurface of the 
aortic arch or from the base of the innominate artery 
and joins a central pulmonary artery. Large systemic 
collateral arteries do not follow the course of the major 
bronchi and may branch before reaching the hilum. 
They may have extrapulmonary anastomoses with cen- 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1991 737 








TABLE I Clinical Presentation, Anatomy and Associated 
Cardiovascular Abnormalities in 104 Patients with Pulmonary 
Atresia and Ventricular Septal Defect 


Patient 
Characteristics 


Group | 
(n =32) 


38/34 
2.86 kg 
2 days 


Group Il 
(n=72) 


M/F 

Mean birthweight 

Median age at 
first presentation 

Range 

Median age at first 
palliative operation 

Range 

VSD unrestrictive 
Restrictive 

Additional muscular VSD 

Aorta arising 
>50% from left ventricle 
Overriding septum 
>50% from right ventricle 
>90% right ventricle 

Left aortic arch 

Right aortic arch 

Aberrant subclavian 
artery 

Aortic stenosis 

Aortic regurgitation 

Left coronary-pulmonary 
artery communication 


20/12 
3.02 kg 
8.5 days* 


0-302 days 
3 days 


0-281 days 
314 days* 


1-662 days 
70 pts. 


5-3,337 days 
32 pts. 


Group | = ductal supply of confluent pulmonary arteries. 

Group Il = pulmonary blood supply by systemic collateral arteries. 

* =p <0.01; t = p <0.05; p >0.05 for all other patient characteristics. 
VSD = ventricular septal defect. 





tral pulmonary arteries or join the pulmonary arteries at 
the hilar or segmental level. According to their site of 
origin, they can be classified as direct and indirect aor- 
tic branches.” 


METHODS 

The diagnostic code from the patient data base en- 
tered into the computer system of the Division of Cardi- 
ology of the Hospital for Sick Children, and cardiovas- 
cular surgical and autopsy files were used to identify all 
patients with pulmonary atresia and VSD who were di- 
agnosed in this institution during the first year of life 
between January 1, 1976, and December 31, 1988. This 
time period was chosen because prostaglandin E2 was 
introduced to our Hospital in 1975 and prostaglandins 
were available for treatment in all patients since then.! 
Patients who were referred from other centers after the 
first year of life were excluded. We also excluded from 
consideration 2 children with trisomy 13 and trisomy 
18. The follow-up period ended on December 31, 1989. 

The diagnosis was confirmed in each patient by 
echocardiography, cardiac catheterization and angiog- 
raphy, surgery or autopsy findings. At least 1 cardiac 
catheterization and angiography was performed in 91 
patients (88%). In 13 patients (12%), the diagnosis was 
based on echocardiography and confirmed by autopsy 
in 4 of them. All the latter patients had a ductal supply 
of confluent pulmonary arteries. The angiocardiograms 
were reviewed by =3 examiners (MH, JTS, PEB, 
CAFM, RMF). Anatomic detail of the pulmonary cir- 
culation was available in 95 of 102 patients. 
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Assessment of the pulmonary circulation: The di- 
ameters of the right and left pulmonary artery were 
measured angiographically just proximal to the origin of 
the first branch. As proposed by Shimazaki,'! Kirklin,!> 
and their co-workers, the combined diameters of both 
pulmonary arteries were divided by the diameter of the 
descending aorta at the level of the diaphragm (the so- 
called McGoon ratio). Stenoses of the pulmonary arter- 
ies were defined as a reduction in diameter of 250%. 
We distinguished stenoses of the unbranched (proximal 
to the first branch) and branched portions of the pulmo- 
nary arteries. Patients were coded as having intrapul- 
monary stenosis if =1 lobe or 3 segments of 1 lung were 
involved. The pulmonary arteries were considered to 
have incomplete distribution if 21 lobe or 3 segments 
on 1 side were not connected to the hilar portion of the 
pulmonary arteries. 

We divided the patients based on the nature of the 
pulmonary blood supply. Group I includes all patients 
with a single ductus supplying confluent pulmonary 
arteries. Group II comprises patients whose collateral 
pulmonary blood supply was provided by systemic col- 
lateral arteries alone or by a combination of systemic 
collateral arteries and a ductus arteriosus. 

Statistical analysis: The summary of patient charac- 
teristics was generated using the means and frequency, 
t test and univariate procedures of the Statistical Analy- 
sis System.?2-25 A p value <0.05 was considered statisti- 
cally significant. The SAS Lifetest procedure was ap- 
plied to generate specific Kaplan-Meier (i.e., product- 
limit) survival curves.”° 


RESULTS 

Anatomy, associated cardiovascular abnormalities 
and clinical presentation: One hundred four patients 
form the study population (Table I). Seven patients 
(7%) were diagnosed as having atrioventricular discor- 
dance (Figure 1). Two of these developed left atrio- 
ventricular valve regurgitation because of a dysplastic 
valve. All 104 patients had a large perimembranous out- 
let ventricular septal defect. In 2 patients from group I, 
the VSD became restrictive. Five patients (5%) had aor- 
tic stenosis (group I: 2 patients; group II: 3 patients), 
with gradients ranging from 15 to 80 mm Hg (2 of 
these have been described previously).?’ 

There was no significant difference in the mean 
birthweight between patients in group I (mean 2.86 kg) 
and group II (mean 3.02 kg). The majority of patients 
in group I presented in the neonatal period for evalua- 
tion of moderate or severe cyanosis. Patients in group II 
had a more heterogenous presentation, with most hav- 
ing only mild cyanosis but signs of congestive heart fail- 
ure and less frequent moderate to severe cyanosis. This 
is reflected by a significantly lower median age at pre- 
sentation for group I patients (2 days) than group II 
patients (8.5 days, p = 0.0043). 

The nature of the pulmonary circulation: Confluent 
pulmonary arteries supplied by a unilateral ductus ar- « 
teriosus (group I) were present in 72 of the 104 patients 
(69%). We found a native stenosis of the left pulmonary 
artery close to the bifurcation in 12, of the right pulmo- 


TABLE Il Abnormalities of the Pulmonary Vascular Bed (n = 95 patients) 


Ductal Supply of 
Confluent Pulmonary 
Arteries 

(n =63) 


1.27 + 0.34* 


Abnormalities 


Mean ratio of 


SCA Supply of 
Pulmonary 
Arteries 

(n= 32) 


0.89 + 0.35 


RPA + LPA/DAO 
Stenosis of the unbranched 
pulmonary arteries 
Left 
Right 
Bilateral 
Stenosis of the 
intrapulmonary arteries 
Left 
Right 
Bilateral 
Distribution abnormalities of 
intrapulmonary arteries 
Left 
Right 
Bilateral 
Abnormal branching pattern of 
pulmonary arteries 
Left 
Right 


Bilateral 


(p = 0.0005) 


2(p = 0.047) 
1 


1 


15 (p <0.00001) 
5 


7 
3 


22 (p <0.00001) 
4 


5 
13 


15 (p <0.00001) 
5 


7 
3 


Preoperative measurements of pulmonary artery size based on 32 patients in group I(*) and 18 patients in group I(t). 
DAO = descending aorta; LPA = left pulmonary artery. RPA = right pulmonary artery; SCA = systemic collateral arteries. 


nary artery in 3 and bilateral stenoses of the central 
pulmonary arteries in 1 of the patients in group I (Table 
II). No patient had stenoses, incomplete distribution or 
abnormal branching patterns of the intrapulmonary 
arteries. Preoperative measurements of the diameters 
of the central pulmonary arteries were available for 
32 patients. The mean ratio of the diameters of the 
right and left pulmonary artery/descending aorta was 
1.27 + 0.34. 

Pulmonary blood supply depended partially or exclu- 
sively on systemic collateral arteries in 32 patients 
(31%) (group II). Measurements of pulmonary artery 
size were obtained for 18 patients. The size of the group 
II central pulmonary arteries (expressed again as the 


Pulmonary blood supply of 
confluent pulmonary arteries 
by a unilateral ductus 





ratio of right and left pulmonary artery/descending aor- 
ta) was significantly lower than that of group I (mean 
0.89 + 0.35, p = 0.0005). Angiograms revealed a total 
of 97 systemic collateral arteries (range 1 to 8, mean 
3.06/patient). Ninety systemic collateral arteries origi- 
nated as direct aortic branches from the descending aor- 
ta, whereas the remaining 7 originated as indirect aortic 
branches. At the time of the first cardiac catheteriza- 
tion, stenoses were present in 54% of the systemic collat- 
eral arteries. 

Five group II patients had the combination of a uni- 
lateral or bilateral ductus with systemic collateral arter- 
ies (Figure 1): In 2 patients, a unilateral ductus joined 
confluent pulmonary arteries; another 2 patients had 


Pulmonary blood supply 
partially or exclusively 
by SCA 


(7 patients had atrio-ventriculer 
discordance) 


72 patients 
(69.2%) 


FIGURE 1. Pulmonary blood supply in 
104 patients with pulmonary atresia and 
ventricular septal defect. SCA = systemic 
collateral arteries. 


pulmonary arteries 


32 patients 
(30.8%) 


ductus and SCA SCA 


5 patients 27 patients 
(4.8%) (26%) 


wen 


nonconfluent 
pulmonary arteries 


confluent confluent no central 


pulmonary arteries pulmonary arteries 
2 patients 3 patients 


21 patients 6 patients 


bilateral ductus 
+ unilateral SCA 


right ductus 
left SCA 


2 patients 1 patient 
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TABLE Ill Corrective Surgery in 38 Patients with Pulmonary 
Atresia and Ventricular Septal Defect 


Group! 
(n = 33) 


Group II 
(n=5) 


Previous palliative surgery 
No operation 
1 operation 
2 operations 
3 operations 

Mean age at 
corrective surgery (yr) 

Mean body surface 
area at corrective 
surgery (m?) 

Mean postoperative 
right /left ventricular 
pressure ratio 

Homograft right 
ventricle-pulmonary 
artery 

Allograft right 
ventricle-pulmonary 
artery 

Homograft left 
ventricle-pulmonary 
artery 

llbawi procedure 

Right ventricular 
outflow tract construction 


1 patient — 
15 patients 1 patient 
14 patients 2 patients 
3 patients 2 patients 
4.92 +1.79 5.53 1.78 


0.58 +0.10 0.61 +0.11 


0.54 +0.16 0.59 + 0.26 
16 patients 


3 patients 


5 patients 
1 death 


2 patients 
6 patients 
1 death 


1 patient 
5 patients 










TABLE IV Present Status of Patients with Pulmonary Atresia 
and Ventricular Septal Defect 





p Value 





Group Il 
9 (28) NS 


Group | 
2027.8) 















Dead (%) 





Corrected 30(41.6) 4(13) p = 0.0034 
and alive (%) 

Awaiting corrective 8(11.1) 3(9) NS 
surgery (%) 

Potential 11 (15.3) 8 (25) NS 
candidate (%) 

Inoperable (%) 3 (4.2) 8 (25) p =0.0014 

Total no. 72 32 


NS = difference not significant. 


nonconfluent pulmonary arteries supplied by a bilateral 
ductus, while several segments of 1 lung were perfused 
separately by systemic collateral arteries; the remaining 
patient had a ductus supplying the right lung while the 
left lung was perfused by a systemic collateral artery. 
Of the 27 patients who had a collateral pulmonary 
blood supply provided exclusively by systemic collateral 
arteries, 21 had confluent pulmonary arteries (78%). In 
the remaining 6 patients (22%), central pulmonary 
arteries in the hilar region could not be identified, nei- 
ther by selective injections in all systemic collateral 
arteries nor by pulmonary vein wedge angiography. 
Abnormalities of the pulmonary circulation were 
present in a significantly higher number of group II 
than group I patients (p <0.00001). Unilateral stenoses 
of the intrapulmonary arteries were present in 38% and 
bilateral stenoses in 9% of the patients. Twenty-eight 
percent had unilateral and 41% had bilateral distribu- 
tion abnormalities of the pulmonary arteries. Abnormal 


740 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





branching patterns were present in 16% of the patients 
unilaterally and in 72% bilaterally (Table II). 

Outcome in group I: Three patients in this group did 
not undergo palliative procedures. One patient with Di 
George syndrome died suddenly in the neonatal period. 
Another infant who had extremely hypoplastic pulmo- 
nary arteries had only a thoracotomy and died at the 
age of 9 months. A single patient underwent primary 
repair without prior palliation at age 4.4 years. 

At least 1 palliative procedure was performed in 69 
patients (96%), 40 patients (56%) required 2 proce- 
dures, 9 patients (13%) had 3, and 2 patients (2%) un- 
derwent 5 palliative operations. The operative mortality 
for all 122 palliative procedures was 5%, with 6 deaths 
among 69 patients (9%). Eight patients (11%) await 
corrective surgery while another 11 patients (15%) are 
potential candidates who require recatheterization or 
another palliative procedure before corrective surgery. 
Three patients (4%) are no longer candidates for correc- 
tive surgery because of acquired intrapulmonary steno- 
ses (2 patients) and acquired atresia of the right (1 pa- 
tient) or left pulmonary artery (2 patients). 

Definitive surgical repair was performed in 33 pa- 
tients (46%) (Table III). The atretic pulmonary artery 
segment was replaced by a conduit in 21 patients and 
by a patch reconstruction of the right ventricular out- 
flow tract in another 5 patients. Six of 7 patients with 
atrioventricular discordance had a left ventricle to pul- 
monary artery homograft repair, whereas the remaining 
patient who had significant left atrioventricular valve 
regurgitation underwent an Ilbawi procedure (Mustard 
procedure, intraventricular tunnel from left ventricle to 
aorta and a right ventricle to pulmonary artery con- 
duit). There were 2 early (6%) and no late deaths. 

One patient with atrioventricular discordance died 3 
years after a left atrioventricular valve replacement. 
Four patients underwent conduit replacement at a mean 
of 3.12 years after the primary procedure without early 
or late mortality. 

In summary, at the end of this study, 20 group I 
patients were dead (28%), 30 patients were alive after 
corrective surgery (42%), 19 patients were awaiting cor- 
rective surgery (11%) or were considered potential can- 
didates (15%), and 3 patients (4%) were regarded as 
inoperable (Table IV). 

Outcome in group Il: Eleven of the 32 group II pa- 
tients (34%) did not undergo any kind of surgery. The 
median age at death of the 5 patients who died was 14 
days (range 6 to 128 days). The other 6 patients range 
in age from 1.13 to 7.71 years (mean 4.99) at the con- 
clusion of this study. One of these is a candidate for 
corrective surgery after successful coil occlusion of sev- 
eral systemic collateral arteries. The remaining 5 chil- 
dren are inoperable because of profoundly hypoplastic 
(2 patients) or absent central pulmonary arteries (3 pa- 
tients) in association with arborization and distribu- 
tion abnormalities of the pulmonary vascular bed, pres- 
ent in all. 

Twenty-one of the 32 group II patients underwent 
21 palliative procedure (66%), 13 patients had 2, and 4 
patients had 3 palliative operations. The operative mor- 
tality of all 38 procedures was 8%. 


Seven patients underwent so-called unifocalization 
procedures. Five of these had hypoplastic confluent pul- 
monary arteries, 1 patient had a right-sided ductus and 
a left pulmonary artery supplied by a systemic collateral 
artery, and 1 patient had no central pulmonary arteries. 
Two patients underwent 2 subsequent procedures. In 6 
of these 7, the unifocalization procedure was the first 
palliative procedure to be performed. One child had 2 
previous Blalock-Taussig shunts. The procedure most 
often performed was a modified Blalock-Taussig shunt 
to the hilar pulmonary artery, with implantation of sys- 
temic collateral arteries into the central pulmonary ar- 
tery (7 procedures/1 death). One patient had a Blalock- 
Taussig shunt and ligation of systemic collateral ar- 
teries. Another patient who did not have central pulmo- 
nary arteries underwent implantation of 2 systemic col- 
lateral arteries into a conduit from the right ventricle. 
Of the 6 surviving patients, 1 underwent subsequent 
corrective surgery (after 2 unifocalization procedures). 
One patient is suitable for corrective surgery, 1 patient 
needs further unifocalization, 2 children await restudy 
and 1 patient is inoperable because of multiple intrapul- 
monary stenoses. 

Of 21 patients with systemic collateral arteries who 
underwent surgical procedures, 3 died perioperatively 
(14%). Two patients await corrective surgery, whereas a 
further 8 patients are potential candidates, requiring ei- 
ther further evaluation, further palliative surgery, or 
thought to be at an increased risk during future correc- 
tive surgery. Three patients are inoperable. 

Definitive surgical repair was performed on 5 pa- 
tients, 4 of whom had confluent pulmonary arteries 
(Table III). The other patient had nonconfluent central 
pulmonary arteries that were supplied by a ductus on 
the left and by a combination of a ductus and 1 system- 
ic collateral artery on the right side. Corrective surgery 
was performed using a conduit in all cases. There were 
no early deaths. One patient died suddenly at home, 2 
months postoperatively. Another patient underwent suc- 
cessful replacement of an obstructed homograft conduit 
3.9 years after the first corrective procedure. 

Kaplan-Meier survival curves: The 104 patients 
were followed for a mean period of 4.95 years (range 2 
days to 13.75 years). At the end of the study, 75 pa- 


=—— Survival Curve 


if 95% Confidence Limits 





FIGURE 2. Kaplan-Meier survival curve for total cohort of 
104 patients with pulmonary atresia and ventricular septal 
defect. 





tients (72%) were still alive (Table IV). A total of 29 
patients (28%) died. There was no significant difference 
in mortality between the 2 groups (27.8%, group I vs 
28.1%, group II). The median age of death was 275 
days with a range of 2 days to 4 years and 11 months. 
Figure 2 shows the Kaplan-Meier survival curve for all 
patients with pulmonary atresia and VSD. An estimate 
of the probability of surviving is 84% for 1 year (95% 
confidence limits, 77 to 91%) and 69% for 5 and 10 
years (95% confidence limits, 59 to 79%). We found no 
significant difference in survival between patients who 
had a unilateral ductus supplying confluent pulmonary 
arteries versus patients who had a pulmonary blood sup- 
ply provided partially or completely by systemic collat- 
eral arteries (Figure 3). Estimated rates of survival in 
the 2 subgroups were 86 versus 78% after 1 year and 
69% in both groups after 5 and 10 years. 


DISCUSSION 

Reviews of previously published reports by 
Bertranou,”® Schmaltz,”? and their co-workers revealed 
that, without surgery, 67 to 78% of patients with pulmo- 
nary atresia and VSD die within the first 2 years of life. 
Because of major improvements in cardiac surgery dur- 
ing the past 2 decades, a considerable number of pa- 
tients are potential candidates for a biventricular re- 
pair.'>-!° Nevertheless, up to now there are no data 
available either describing the probability of survival 
based on a large number of unselected patients nor pro- 
jecting the probability of undergoing a definitive repair. 
Reliable data concerning the outcome are crucial for 
counseling parents, especially because it can be expect- 
ed that a number of patients will be diagnosed prenatal- 
ly in the near future. 

Our study includes 104 consecutive patients who 
were diagnosed during the first year of life. Because 
prostaglandin was available for each patient and be- 
cause cases referred from other centers after the first 
year of life were excluded, our series represents the first 
study giving reliable figures on anatomic variations and 
outcome in patients with pulmonary atresia and VSD. 

The results of our study show that patients with pul- 
monary atresia and VSD have a better overall chance of 
survival than patients with pulmonary atresia and an 
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FIGURE 3. Separate Kaplan-Meier survival curves for pa- 
tients in groups I and Il. 
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intact ventricular septum and patients with tricuspid 
atresia. The probability of survival at 10 years of age 
was 69% in children with pulmonary atresia and VSD 
versus 34% in children with pulmonary atresia and an 
intact ventricular septum, and versus an estimated 
8-year survival of 55% in patients with tricuspid 
atresia.?0?! 

The majority of our patients (69%) had confluent 
pulmonary arteries supplied exclusively by a ductus, 5% 
had the combination of systemic collateral arteries and 
a unilateral or bilateral ductus, and 26% had systemic 
collateral arteries as the single source of pulmonary 
blood supply. The incidence of systemic collateral arter- 
ies was lower in our series, compared with previously 
reported studies.**:!!.!°32-34 This can be explained by 
the fact that all previous studies present in some way 
preselected patient material. This applies specifically to 
postmortem data from centers that specialize in the sur- 
gical treatment of children with complex heart dis- 
ease.?? The higher incidence of patients with systemic 
collateral arteries in previous clinical studies?*3*34 can 
be explained by the fact that, at that time, prostaglan- 
din was not available for all patients. Early closure of 
the ductus arteriosus very likely accounted for a selec- 
tion in favor of patients with systemic collateral arteries. 
The presence of systemic collateral arteries is highly as- 
sociated with abnormalities of the pulmonary vascular 
bed, such as intrapulmonary distribution abnormalities, 
intrapulmonary stenoses or abnormal branching pat- 
terns.47:!0,11,32,33 Because there ire no data up to now 
projecting the survival rate of such patients in the first 
decade of life, we compared patients who had a unilat- 
eral ductus supplying confluent pulmonary arteries with 
patients who had 21 systemic collateral artery. Our 
analysis reveals that there is neither a significant differ- 
ence in the probability of survival nor in the operative 
mortality in the first decade of life between patients 
who presented originally with a ductus arteriosus alone 
versus patients with systemic collateral arteries. The es- 
timated rates of survival for 10 years were 69% in both 
groups. After the first 4 months of life, no child with 
systemic collateral arteries died deaths unrelated to sur- 
gery. Our data suggest that after infancy, patients with 
pulmonary atresia and VSD have a relatively low risk of 
death in the first decade of life. 

Patients with a ductus-dependent pulmonary circula- 
tion have a significantly higher chance of becoming eli- 
gible for corrective surgery than patients with systemic 
collateral arteries (46 vs 16%, p = 0.0038). In the for- 
mer group, only a minor part of patients (4%) was not 
eligible for corrective surgery versus 25% of patients in 
the latter group (p = 0.0014). We believe this differ- 
ence between the 2 groups is due to differences in the 
anatomy of the pulmonary arterial supply and the pul- 
monary circulation. Patients with systemic collateral 
arteries had significantly smaller central pulmonary 
arteries and a significantly higher percentage of arbori- 
zation and distribution abnormalities, abnormal branch- 
ing and intrapulmonary stenoses. Patients with a ductus 
supplying confluent pulmonary arteries more frequently 
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presented with stenoses of the unbranched portions of 
the central pulmonary arteries (p = 0.047), especially 
the left. This finding is consistent with data reported by 
Elzenga and Gittenberger-de-Groot.*> Because these 
stenoses can be corrected surgically, they usually do not 
affect the long-term outcome of these patients. 


Acknowledgment: We would like to thank Cameron 
D. Finlay for helping us to prepare this manuscript. 


REFERENCES 

1. Fyler DC. Report of the New England regional infant cardiac program. 
Pediatrics 1980;65(suppl 2):375-461. 

2. Burrows PE, Freedom RM, Rabinovitch M, Moes CAF. The investigation of 
abnormal pulmonary arteries in congenital heart disease. Radiol Clin North Am 
1985;23:689-717. 

3. Davis GD, Fulton RE, Ritter DG, Mair DD, McGoon DC. Congenital pulmo- 
nary atresia with ventricular septal defect: angiographic and surgical correlates. 
Pediatr Radiol 1978;128:133-144. 

4. Filler K, Haworth SG, Taylor JFN, Macartney FJ. Duplicate sources of 
pulmonary blood supply in pulmonary atresia with ventricular septal defect. Br 
Heart J 1981;46:263-268. 

5. Freedom RM, Moes CAF, Pelech A, Smallhorn J, Rabinovitch M, Olley PM, 
Williams WG, Trusler GA, Rowe RD. Bilateral ductus arteriosus (or remnant): 
an analysis of 27 patients. Am J Cardiol 1984;53:884-891. 

6. Haworth SG, Macartney FJ. Growth and development of pulmonary circula- 
tion in pulmonary atresia with ventricular septal defect and major aortopulmo- 
nary collateral arteries. Br Heart J 1980;44:14-24. 

7. Haworth SG, Rees PG, Taylor JFN, Macartney FJ, De Leval M, Stark J. 
Pulmonary atresia with ventricular septal defect and major aortopulmonary col- 
lateral arteries. Br Heart J 1981;45:133-141. 

8. Jefferson K, Rees S, Somerville J. Systemic arterial supply to the lungs in 
pulmonary atresia and its relation to pulmonary artery development. Br Heart J 
1972;34:418-427. 

9. Kirklin JW, Barratt-Boyes BG. Ventricular septal defect and pulmonary steno- 
sis and atresia. In: Cardiac Surgery. New York: Wiley Medical, 1986:699-819. 
10. McGoon MD, Fulton RE, Davis GD, Ritter DG, Neill CA, White RI. 
Systemic collateral and pulmonary artery stenosis in patients with congenital 
pulmonary valve atresia and ventricular septal defect. Circulation 1977;56: 
473-479. 

11. Shimazaki Y, Maehara T, Blackstone EH, Kirklin JW, Bargeron LM. The 
structure of the pulmonary circulation in tetralogy of Fallot with pulmonary 
atresia. J Thorac Cardiovasc Surg 1988;95:1048-1058. 

12. Thiene G, Frescura C, Bortolotti U, Maschio AD, Valente M. The systemic 
pulmonary circulation in pulmonary atresia with ventricular septal defect: concept 
of reciprocal development of the fourth and sixth aortic arches. Am Heart J 
1981;101:339-344. 

13. Alfieri O, Blackstone EH, Kirklin JW, Pacifico AD, Bargeron LM. Surgical 
treatment of tetralogy of Fallot with pulmonary atresia. J Thorac Cardiovasc 
Surg 1978;76:321-335. 

14. Blackstone EH, Kirklin JW, Bertranou EG, Labrosse CJ, Soto B, Bargeron 
LM. Preoperative prediction from cineangiograms of postrepair right ventricular 
pressure in tetralogy of Fallot. J Thorac Cardiovasc Surg 1979;78:542-552. 
15. Kirklin JW, Blackstone EH, Shimazaki Y, Maehara T, Pacifico AD, Kirklin 
JK, Bargeron LM. Survival, functional status, and reoperations after repair of 
tetralogy of Fallot with pulmonary atresia. J Thorac Cardiovasc Surg 1988; 
96:102-116. 

16. Millikan JS, Puga FJ, Danielson GK, Schaff HV, Julsrud PR, Mair DD. 
Staged surgical repair of pulmonary atresia, ventricular septal defect, and hypo- 
plastic, confluent pulmonary arteries. J Thorac Cardiovasc Surg 1986;91: 
818-825. 

17. Piehler JM, Danielson GK, McGoon DC, Wallace RB, Fulton RE, Mair DD. 
Management of pulmonary atresia with ventricular septal defect and hypoplastic 
pulmonary arteries by right ventricular outflow construction. J Thorac Cardio- 
vasc Surg 1980;80:552-567. 

18. Puga FJ, Leoni FE, Julsrud PR, Mair DD. Complete repair of pulmonary 
atresia, ventricular septal defect, and severe peripheral arborization abnormalities 
of the central pulmonary arteries. J Thorac Cardiovasc Surg 1989;98:1018-1029. 
19. Sawatari K, Imai Y, Kurosawa H, Isomatsu Y, Momma K. Staged operation 
for pulmonary atresia and ventricular septal defect with major aortopulmonary 
collateral arteries. J Thorac Cardiovasc Surg 1989;98:738-750. 

20. Rabinovitch M, Herrera-DeLeon V, Castaneda AR, Reid L, Growth and 
development of the pulmonary vascular bed in patients with tetralogy of Fallot 
with or without pulmonary atresia. Circulation 1981;64:1234-1249. 

21. Olley PM, Coceani F, Bodach E. E-type prostaglandins: a new emergency 


therapy for certain cyanotic congenital heart malformations. Circulation 1976; 
53:728-731. 


22. SAS Institute Inc. The means procedure. In: SAS Procedures Guide for f 


Personal Computers (version 6 ed). Cary, North Carolina, 1985:177-186. 


al Computers (version 6 ed). Cary, North Carolina, 1985:163-176. 
24. SAS Institute Inc. The TTEST procedure. In: SAS/STAT Guide for Person- 
al Computers (version 6 ed). Cary, North Carolina, 1985:347-352. 


25. SAS Institute Inc. The univariate procedure. In: SAS Procedures Guide for 


Personal Computers (version 6 ed). Cary, North Carolina, 1985:343-357. 


26. SAS Institute Inc. The lifetest procedure. In: SAS Procedures Guide for 


Personal Computers (version 5 ed). Cary, North Carolina, 1985:529-557. 

27. Patel RG, Freedom RM, Bloom KR, Rowe RD. Truncal or aortic valve 
stenosis in functionally single arterial trunk. Am J Cardiol 1978;42:800-809. 
28. Bertranou EG, Blackstone EH, Hazelrig JB, Turner ME, Kirklin JW. Life 


expectancy without mary in tetralogy of Fallot. Am J Cardiol 1978;42: 


458-466. 
29. Schmaltz AA, Hinkeldey K, Hoffmeister HE, Apitz J. Prognosis in congeni- 
tal tricuspid atresia and pulmonary atresia from 1967 to 1983 compared to the 


natural history of these malformations. Monatsschr Kinderheilkd 1985;133: 
743-748. 
30. Lightfoot N, Coles J, Freedom RM. Survival analysis. In: Freedom RM, ed. 


K Pulmonary. Atresia with Intact Ventricular Septum. New York: Futura Publish- 
23. SAS Institute Inc. The freq procedure. In: SAS Procedures Guide for Person- 
, = 31. Tam CKH, Lightfoot NE, Finlay CD, Coles J, Williams WG, Trusler GA, 


ing, 1989:9-15. 


Freedom RM. Course of tricuspid atresia in the Fontan era. Am J Cardiol 
1989;63:589-593, 

32. Hofbeck M, Singer H, Schlaud B, Staender S, Rein JG, v.d. Emde J. Pulmo- 
nalatresie mit Ventrikelseptumdefekt: Die Bedeutung der kollateralen Lungen- 
perfusion fiir die Erfolgsaussichten von Korrekturoperationen. Z Kardiol 1987; 
76:364-370. 

33. Liao PK, Edwards WD, Julsrud PR, Puga FJ, Danielson GK, Feldt RH. 
Pulmonary blood supply in patients with pulmonary atresia and ventricular septal 
defect. J Am Coll Cardiol 1985;6:1343-1350. 

34. Mocellin R, Krettek M, Sauer U, Biihlmeyer K. Pulmonalatresie mit Ventri- 
kelseptumdefekt. Z Kardiol 1977;66:382-392. 

35. Elzenga NJ, Gittenberger-de-Groot AC. The ductus arteriosus and stenoses 
of the pulmonary arteries in pulmonary atresia. Int J Cardiol 1986;11:195-208. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1991 743 








Pulmonary Artery Morphology and 
Hemodynamics in Pulmonic Valve Atresia 
with Ventricular Septal Defect 
Before and After Repair 


Yasuhisa Shimazaki, MD, Masahiko lio, MD, Susumu Nakano, MD, 
Shizuo Morimoto, MD, Seiichiro Ikawa, MD, Hikaru Matsuda, MD, 
and Yasunaru Kawashima, MD 


Cardiac catheterization and angiography were per- 
formed in 22 patients with pulmonic valve atresia 
and ventricular septa! defect to evaluate pulmonary 
morphology and hemodynamics before and after 
repair. In 12 of the 22, pulmonic valve atresia and 
ventricular septal defect were associated with ma- 
jor aortopulmonary collateral arteries, which were 
ligated in most. Mean postoperative pulmonary ar- 
tery pressure (PAP) ranged from 9 to 92 mm Hg 
(mean 28 + 19) and pulmonary vascular resistance 
ranged from 1.1 to 35.2 U - m2 (mean 6.4 + 8.0). 
These data correlated (r = 0.89, p <0.001). The 
number of pulmonary artery subsegments con- 
nected to the central pulmonary arteries was 22 to 
42 (mean 38 + 6). Univariate analysis revealed 
that the mean postoperative PAP correlated with 
the number of pulmonary artery subsegments con- 
nected to the central pulmonary arteries (r = 
—0.81, p <0.001), with mean preoperative PAP (r 
= 0.79, p <0.001), with the postoperative pulmo- 
nary artery area index of the right and left pulmo- 
nary arteries at prebranching (r = —0.76, p 
<0.001), and with the sum of the pulmonary artery 
areas after branching (r = —0.69, p <0.005). Pul- 
monary vascular resistance correlated with the 
number of pulmonary artery subsegments con- 
nected to the central pulmonary arteries (r = 
—0.85, p <0.001), with the mean preoperative PAP 
(r = 0.79, p <0.001), with the sum of the pulmo- 
nary artery areas after branching (r = —0.73, p 
<0.001), and with the postoperative pulmonary ar- 
tery area index (r = —0.70, p <0.001). The inci- 
dence of pulmonary vascular resistance being <3 U 
- mê was significantly higher in patients with >36 
pulmonary artery subsegments connected to the 
central pulmonary arteries and with a preoperative 
pulmonary artery area index >0.5 (88%) (p 
<0.01). 
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These results indicate that postoperative PAP 
and pulmonary vascular resistance in patients with 
pulmonic valve atresia and ventricular septal defect 
may be predictable when the pulmonary artery 
area at prebranching and the number of pulmonary 
artery subsegments connected to the central pul- 
monary arteries are measured before repair. Early 
palliation to increase pulmonary artery size and the 
number of pulmonary artery subsegments con- 
nected to the central pulmonary arteries is recom- 
mended for obtaining normal pulmonary hemody- 
namics after repair. 

(Am J Cardiol 1991;67:744-748) 


many patients with tetralogy of Fallot and pul- 

monary atresia,! and postrepair pressure of the 
right ventricle is high, resulting from stenoses at proxi- 
mal and distal anastomoses of conduit, conduit obstruc- 
tion or high pulmonary vascular resistance.” Because 
high pulmonary vascular resistance cannot be reduced, 
it is important to assess pulmonary vascular resistance 
in patients with pulmonic valve atresia and ventricular 
septal defect before surgical repair. Arborization abnor- 
malities, often seen in patients with major aortopulmon- 
ary collateral arteries,'+° small pulmonary arteries56 
or hypertensive pulmonary vascular obstructive disease 
may be responsible for increasing pulmonary vascular 
resistance. In this study, we retrospectively assessed pul- 
monary artery morphology and hemodynamics in pa- 
tients with pulmonic valve atresia and ventricular septal 
defect before and after repair to elucidate factors 
responsible for increasing pulmonary artery pressure 
(PAP) and resistance after repair. 


S tructures of the pulmonary arteries are abnormal in 


METHODS 

Patients: Cardiac catheterization and angiographic 
studies were performed in 22 patients late after repair 
for pulmonic valve atresia with ventricular septal defect. 
These patients were recommended for restudy because 
of suspected conduit obstruction or pulmonary hyper- 
tension. Age at the time of surgery was 1 to 20 years 
(mean + standard deviation 8.3 + 4.6). Ten of the 22 
patients had patent ductus arteriosus, and 12 (54.5%) 
had major aortopulmonary collateral arteries, which 


- 


Age at 
Repair 


Age at 
Restudy Preop 
Rp/Rs 


PAP (mm Hg) 


Preop  Postop 


(24) 
(15) 
(33) 
(30) 


70/11 (34) 
80/8 (32) 
65/5 (31) 

100/12 (46) 

(76) 143/64 (92) 

(6) 90/30(50) 

Š 33/5 (18) 

(17)  43/16(30) 

(48)  36/13(23) 

(11)  30/9(16) 

(14) «61/6 (26) 

(50)  124/14(52) 

(18)  35/6(16) 

(24) 38/17 (24) 

a3) 27/413) 
(9)  38/18(24) 
(4) 27/814) 

(16) 50/10 (24) 

(13) 24/412) 

44/12 (22) 

30/4 (15) 

18/5 (9) 


= 


_ 


— m 


9 
8 
5 
1 
0 
7 
1 
6 
7 
3 
6 
6 
2 
0 
5 
6 
4 


Numbers in parentheses are mean values. 


No. of PVR 
Subsegments (U-m?) 


PVR/ 
Subsegment 


Sum of PA 
Area (cm?/m?) 


PA = pulmonary artery; PAAI = pulmonary artery area index; PAP = pulmonary artery pressure; postop = postoperative; Pp /Ps = pulmonary to systemic peak pressure ratio; 
preop = preoperative; PVR = pulmonary vascular resistance; Rp /Rs = pulmonary to systemic resistance ratio; — = data not available. 


were ligated near their origin in 11 patients’ and closed 
by a wire coil in 1. Blalock-Taussig shunts were im- 
planted in 14 patients and a central aortopulmonary 
shunt in 1. None of the patients underwent unifocaliza- 
tion before repair. Age at the time of restudy was 2 to 
21 years (mean 10.8 + 4.5), and the interval from the 
repair to restudy was between 7 and 112 months (mean 
28 + 23). 

Preoperative study: PAP was obtained through the 
patent ductus, major aortopulmonary collateral arteries 
or created shunts in 18 patients. The dimensions of the 
unbranched hilar portions of the right and left pulmo- 
nary arteries were determined preoperatively in all pa- 
tients. The diameter of the pulmonary arteries was mea- 
sured at prebranching, unless a discrete stenosis was 
present more proximally, and then this was measured.’ 
The diameter was converted to the cross-sectional area, 
and the average of the 2 combined measurements was 
divided by the mean normal value of the area of the 
right pulmonary artery, as proposed by Castellanos and 
Hernandez,’ to derive the pulmonary artery area index. 

Surgical repair: The repair was performed with a 
moderately hypothermic cardiopulmonary bypass and, 
since 1978, with cold crystalloid cardioplegic solution. 
Surgically created shunts and patent ducti were closed. 
Discrete stenoses of the central pulmonary arteries were 
repaired. The ventricular septal defect was closed by 
right ventriculotomy or through the tricuspid valve. In 
20 patients, a valved extracardiac conduit was used to 
join the right ventricle with the pulmonary arteries. A 
transanular patch, rather than a valved conduit, was 
used for the repair in the remaining 2 patients. 

Postoperative study: Pulmonary artery wedge pres- 
sure was measured, and then that in the pulmonary ar- 





tery and right ventricle. No left-to-right shunts were 
identified by oximetry, and no right-to-left shunts were 
identified by cineangiography. Cardiac output was de- 
termined by the indicator-dilution method, where indo- 
cyanine green was injected into the pulmonary artery 
and samples drawn from the femoral artery. Pulmonary 
vascular resistance was calculated as U - m2. Pulmonary 
artery cineangiograms were analyzed in detail, and each 
of the normal 42 pulmonary artery subsegments!° and 
their connection to the central pulmonary arteries was 
sought. The number of pulmonary artery subsegments 
connected to the central and unbranched hilar portion 
of a right and left pulmonary artery was tabulated for 
each patient. Pulmonary vascular resistance per subseg- 
ment was calculated, as well as the total value for the 
patient. Diameters of the pulmonary arteries were mea- 
sured, not only at prebranching but also at postbranch- 
ing of the right and left pulmonary arteries. When there 
was a discrete stenosis at the pre- and postbranching 
areas, the stenotic point was measured. There were usu- 
ally 2 branches in the right pulmonary artery and 2 to 4 
branches in the left. Diameters of branches were con- 
verted to cross-sectional areas and these were summed 
to compare the pulmonary artery area index. 

Statistical analysis: The observed proportions of dis- 
crete events in the 2 groups were compared with chi- 
square tests. Correlation between 2 variances was con- 
sidered statistically significant when the p value was 
<0.05. 


RESULTS 

Preoperative data (Table I): The mean PAP ranged 
from 4 to 76 mm Hg (mean 24 + 18) in 18 patients and 
the pulmonary to systemic resistance ratio from 0.03 to 
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TABLE Il Factors Related to Mean Postoperative Pulmonary 
Artery Pressure 


Factor r p Value 










Number of subsegments connected 
to the central pulmonary arteries 


Mean preop. PAP 0.79 <0.001 
Postop. PAAI —0.76 <0.001 
Sum of PA area after branching —0.69 <0.005 
Age at repair 0.64 <0.02 
Preop. PAAI —0.41 <0.07 





Abbreviations as in Table I. 


TABLE Ill Factors Related to Pulmonary Vascular 
Resistance 


Factor p Value 


Number of subsegments connected 
to the central pulmonary arteries 


Mean preop. PAP 

Sum of PA area after branehing 
Postop. PAAI 

Preop. PAAI 

Preop. Rp/Rs 

Age at repair 


Abbreviations as in Table |. 





0.34 (mean 0.17 + 0.12) in 15 patients. The pulmonary 
artery area index ranged from 0.20 to 1.03 (mean 0.46 
+ 0.21) in the 22 patients. 

Postoperative data (Table I): Systolic PAP ranged 
from 18 to 143 mm Hg (mean 55 + 34) and the peak 
pressure ratio of the pulmonary artery and aorta be- 
tween 0.19 and 1.25 (mean 0.49 + 0.28). Mean PAP 
ranged from 9 to 92 mm Hg (mean 28 + 19), and was 
>25 mm Hg in 9 patients. Pulmonary vascular resis- 
tance ranged from 1.1 to 35.2 (mean 6.4 + 8.0) U- m? 
and was >3 U - m? in 11 patients (50%). 

The number of pulmonary artery subsegments con- 
nected to the central pulmonary arteries was between 
22 and 42 (mean 38 + 6). Only 55% of the patients had 
all 42 pulmonary artery subsegments connected to the 
central pulmonary arteries. Pulmonary vascular resis- 
tance per subsegment ranged from 46 to 774 U - m? 
(mean 201 + 187). Pulmonary vascular resistance cor- 
related with mean PAP (r = 0.89, p <0.001). 

The pulmonary artery area index ranged from 0.25 
to 0.97 (mean 0.67 + 0.22) and the sum of the pulmo- 
nary artery areas after branching ranged from 0.9 to 
5.0 cm?/m? (mean 2.7 + 1.1). These data correlated (r 
= 0.78, p <0.001). 

Factors related to postoperative pulmonary artery 
pressure: The mean postoperative PAP correlated with 
the number of pulmonary artery subsegments connected 
to the central pulmonary arteries (r = —0.81, p 
<0.001), with mean preoperative PAP (r = 0.79, p 
<0.001), with the postoperative pulmonary artery area 
index (r = —0.76, p <0.001), with the sum of the pul- 
monary artery areas after branching (r = —0.69, p 
<0.005) and with patient age at the time of repair (in 
years) (r = 0.64, p <0.02) (Table II). 
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TABLE IV Factors Related to Postoperative Pulmonary 
Artery Area Index 


Factor r p Value 











Sum of PA area after branching 


Preop. PAAI 0.77 <0.001 
Number of PA subsegments 0.65 <0.002 
connected to the central 


pulmonary arteries 


Abbreviations as in Table |. 


Factors related to postoperative pulmonary vascu- 
lar resistance: Pulmonary vascular resistance correlated 
with the number of pulmonary artery subsegments con- 
nected to the central pulmonary arteries (r = —0.85, p 
<0.001), with the mean preoperative PAP (r = 0.79, p 
<0.001), with the sum of the pulmonary artery areas 
after branching (r = —0.73, p <0.001), with the postop- 


erative pulmonary artery area index (r = —0.70, p 
<0.001) and with the preoperative pulmonary artery 
area index (r = —0.52, p <0.02) (Table III). Pulmo- 
nary vascular resistance per subsegment also inversely 
correlated with the number of subsegments connected 
to the central pulmonary arteries (r = —0.84, p 
<0.001). 

Factors related to the postoperative pulmonary ar- 
tery area index: The postoperative pulmonary artery 
area index correlated with the sum of the pulmonary 
artery areas after branching (r = 0.78, p <0.001), with 
the preoperative pulmonary artery area index (r = 0.77, 
p <0.001) and with the number of pulmonary artery 
subsegments connected to the central pulmonary arter- 
ies (r = 0.65, p <0.002) (Table IV). Moreover, the sum 
of the pulmonary artery areas after branching correlat- 
ed with the number of subsegments connected to the 
central pulmonary arteries (r = 0.64, p <0.01). 


DISCUSSION 

Nearly half the patients had pulmonary hyperten- 
sion and a high pulmonary vascular resistance. Pulmo- 
nary hypertension reflects high right ventricular pres- - 
sure, which results in poor postoperative status.'! The 
number of subsegments connected to the central pulmo- 
nary arteries was a factor important to the increase in 
pulmonary vascular resistance, but was not the only 
one. Pulmonary vascular resistance per subsegment in- 
creased as the number of pulmonary artery subseg- 
ments connected to the central pulmonary arteries de- 
creased. This study demonstrates that the pulmonary 
artery was small in patients with a reduced number of 
pulmonary artery subsegments connected to the central 
pulmonary arteries and that the postoperative size of 
the pulmonary arteries was also a factor responsible for 
increasing pulmonary vascular resistance. The number 
of subsegments, rather than segments, was used to esti- 
mate pulmonary vascular beds in this study. Although 
pulmonary vascular beds are not identical, even in 
each subsegment, subsegments may be more appropri- © 
ate than segments in estimating pulmonary vascular 
beds. '? 





O: PAm<25 mmHg 
@ : PAm2 25 mmHg 


10 20 30 


Number of pulmonary artery subsegments 
connected to the central pulmonary arteries 


FIGURE 1. Prediction of mean pulmonary artery pressure 

(PAm) 225 mm Hg (closed circles) or <25 mm Hg (open cir- 
cles) by determination of the relation between the preopera- 
tive artery area index (preop. PAAI) and the num- 





artery 
pressure being <25 mm Hg after repair was higher when the 
pulmonary artery area index was >0.5 and when the number 


of pulmonary artery subsegments connected to the central 
pulmonary arteries was >36 (100%) (p <0.005). 


It is of interest that the postoperative pulmonary ar- 
tery area index correlated with the sum of the pulmo- 
nary artery areas after branching. This suggests that 
conventional measurement of the size of the pulmonary 
arteries at prebranching might be appropriate for as- 
suming the size of peripheral pulmonary arteries in pa- 
tients with this disease, although only sizes of the pul- 
monary arteries just after branching were measured. 
The postoperative pulmonary artery area index also cor- 
related with the number of pulmonary artery subseg- 
ments connected to the central pulmonary arteries. This 
indicates that 1 of the abnormalities in the pulmonary 
vasculature is the smallness of the pulmonary arteries, 
which reflects pulmonary hemodynamics. 

The preoperative pulmonary to systemic resistance 
ratio was not predictive of an estimated postopera- 
tive pulmonary vascular resistance, because pulmonary 
blood flow included collateral blood flow not passing 
through the central pulmonary arteries, which affects 
the calculation of the pulmonary to systemic resistance 
ratio, and the pulmonary vascular bed was reduced by 
ligating major aortopulmonary collateral arteries that 
did not have dual connection. Mean postoperative PAP 
correlated with mean preoperative PAP; however, the 
preoperative pressure was not predictive of which pa- 
tient would have an estimated postoperative pressure 
<25 mm Hg late after repair. 


O: PVR<3.0 
@ : PvR> 3.0 


Number of pulmonary artery subsegments 
connected to the central pulmonary arteries 





FIGURE 2. Prediction of postoperative pulmonary vascular re- 
sistance (PVR) 23.0 U - m? (closed circles) or <3.0 U - m2 
(open circles) by determination of the relation between the 

pulmonary artery area index (preop. PAAI) and 
the number of subsegments 


tery area index was >0.5 and the number of pulmonary artery 
subsegments connected to the central pulmonary arteries was 
>36 (88%) (p <0.05). 


Preoperative prediction of PAP late after repair 
seems possible when the number of pulmonary artery 
subsegments connected to the central pulmonary arter- 
ies and the pulmonary artery area index are obtained 
preoperatively. The incidence of mean PAP being <25 
mm Hg, postoperatively, was much higher in patients 
with a pulmonary artery area index >0.5 (p <0.01) or 
in patients with more than 36 pulmonary artery subseg- 
ments connected to the central pulmonary arteries (p 
<0.01) (Figure 1). The incidence of postoperative pul- 
monary vascular resistance being <3.0 U - m2, where 
the normal value is 1.54 + 1.35 (mean + 2 standard 
deviations),'? was much higher in patients with more 
than 36 pulmonary artery subsegments connected to the 
pulmonary arteries and in patients whose preopera- 
tive pulmonary artery area index was >0.50 (p <0.01) 
(Figure 2). 

This study shows that 2 factors are responsible for 
increasing pulmonary vascular resistance: a reduced 
number of pulmonary artery subsegments connected to 
the central pulmonary arteries, and smallness of the 
pulmonary arteries. Unifocalization!4-!6 may help to in- 
crease the pulmonary vascular bed. Early palliation is 
recommended to increase the size of the pulmonary 
arteries>° and the number of effective pulmonary artery 
subsegments necessary to obtain normal pulmonary he- 
modynamics after repair. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1991 747 


A E ob a 


REFERENCES 

1. Shimazaki Y, Maehara T, Blackstone EH, Kirklin JW, Bargeron LM Jr. The 
structure of the pulmonary circulation in tetralogy of Fallot with pulmonary 
atresia. J Thorac Cardiovasc Surg 1988;95:1048-1058. 

2. Blackstone EH, Shimazaki Y, Maehara T, Kirklin JW, Bargeron LM Jr. 
Prediction of severe obstruction to right ventricular outflow after repair of tetral- 
ogy of Fallot and pulmonary atresia. J Thorac Cardiovasc Surg 1988;96:288- 
293. 

3. Alfieri O, Blackstone EH, Kirklin JW, Pacifico AD, Bargeron LM Jr. Surgical 
treatment of tetralogy of Fallot with pulmonary atresia. J Thorac Cardiovasc 
Surg 1978;46:321-335. 

4. Macartney FJ, Scott O, Deverall PB. Haemodynamic and anatomical charac- 
teristics of pulmonary blood supply in pulmonary atresia with ventricular septal 
defect—including a case of persistent fifth aortic arch. Br Heart J 1974;36:1049- 
1060. 

5. Haworth SG, Macartney FJ. Growth and development of pulmonary circula- 
tion in pulmonary atresia with ventricular septal defect and major aortopulmon- 
ary collateral arteries. Br Heart J 1980;44:14-24. 

6. Johnson RJ, Saucer U, Buhlmeyer K, Haworth SG. Hypoplasia of intrapulmo- 
nary arteries in children with right ventricular outflow obstruction, ventricular 
septal defect and major aortopulmonary collateral arteries. J Pediatr Cardiol 
1985;6:137-143. 

7. Matsuda H, Hirose H, Nakano S, Shimazaki Y, Kishimoto H, Kobayashi J, 
Arisawa J, Kawashima Y. Management of large aortopulmonary collateral artery 
in patients with ventricular septal defect and pulmonary atresia; simultaneous 
ligation through median sternotomy during intracardiac repair. Ann Thorac Surg 
1985;40:593-598. 

8. Shimazaki Y, Kawashima Y, Hirose H, Nakano S, Matsuda H, Kitamura S, 


748 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





Morimoto S. Operative results in patients with pseudotruncus arteriosus. Ann 
Thorac Surg 1983;35:294-299. 

9. Castellanos A, Hernandez FA. The size of the right and left pulmonary artery 
in the normal subject and in congenital heart disease: angiographic measurements. 
Am J Roentgenol 1967;100:568-577. 

10. Yamashita H. Nomenclatures and signs of bronchopulmonary anatomy. In: 
Yamashita H, ed. Roentgenologic Anatomy of the Lung. New York: Igaku- 
Shoin, 1978:10-25. 

11. Wessel HU, Cunningham WJ, Paul MH, Bastanier CK, Mustaer AJ, Idriss 
FS. Exercise performance in tetralogy of Fallot after intracardiac repair. J Thorac 
Cardiovasc Surg 1980;80:582-593. 

12. Nakahara K, Monden Y, Ohno K, Miyoshi S, Maeda H, Kawashima Y. A 
method for predicting postoperative lung function and its relation to postoperative 
complications in patients with lung cancer. Ann Thorac Surg 1985,39:260- 
265. 

13. Grossman W, McLaurin LP. Clinical measurements of vascular resistance 
and assessment of vasodilator drugs. In: Grossman W, ed. Cardiac Catheteriza- 
tion and Angiography. 2nd ed. Philadelphia: Lea and Febiger, 1980:116-123. 

14. Sullivan ID, Wren C, Stark J, de Leval MR, Macartney FJ, Deanfield JE. 
Surgical unifocalization in pulmonary atresia and ventricular septal defect. A 
realistic goal? Circulation 1988;(suppl III)3:I1I-S-III-13. 

15. Puga F, Leoni FE, Julsrud PR, Mair DD. Complete repair of pulmonary 
atresia, ventricular septal defect and severe peripheral arborization abnormalities 
of the central pulmonary arteries. Experience with preliminary unifocalization 
procedures in 38 patients. J Thorac Cardiovasc Surg 1989;98:1018-1029. 

16. Sawatari K, Imai Y, Kurosawa H, Isomatsu Y, Momma K. Staged operation 
for pulmonary atresia and ventricular septal defect with major aortopulmonary 
collateral arteries. J Thorac Cardiovasc Surg 1989;98:738-750. 





MISCELLANEOUS 


Catheter-Based Intravascular Ultrasound 
Imaging of Chronic Thromboembolic 
Pulmonary Disease 


François Ricou, MD, Pascal H. Nicod, MD, Kenneth M. Moser, MD, and Kirk L. Peterson, MD 


Pulmonary thromboendarterectomy is now the 
treatment of choice for pulmonary hypertension 
due to chronic pulmonary thromboemboli. A precise 
assessment of location and extension of these 
thrombi is important because only proximal chronic 
pulmonary thromboemboli are accessible to sur- 
gery. Because intravascular ultrasound imaging 
can assess not only arterial luminal size, but also 
wall thickness, its value as a complement to angi- 
ography was assessed in 11 patients aged 35 to 64 
years with severe pulmonary hypertension (systolic 
pulmonary artery pressure, mean + standard devi- 
ation 70 + 19 mm Hg; pulmonary artery resis- 
tance, 609 + 297 dynes-s-cm~5). Intravascular ul- 
trasound was obtained in 10 of 11 patients and no 
complication occurred. Intravascular ultrasound 
identified 10 segments with suspected chronic pul- 
monary thromboemboli in 7 patients, all confirmed 
at operation. Nine segments were considered nor- 
mal, all of which (except 1) were free of chronic 
pulmonary thromboemboli at operation. Image 
quality was highly dependent on pulmonary artery 
size and position of the catheter. Therefore, intra- 
vascular ultrasound of pulmonary arteries is feasi- 
ble and safe in patients with pulmonary hyperten- 
sion. It may help to assess the location and exten- 
sion of the pathologic process involving pulmonary 
arteries. 

(Am J Cardiol 1991;67:749-752) 
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ment of choice for severe pulmonary hypertension 

due to chronic thromboembolic obstruction of the 
major pulmonary arteries. This operation has been 
shown to substantially improve pulmonary artery pres- 
sure and resistance,' cardiac geometry” and functional 
class.'> Despite recent advances in surgical techniques, 
pulmonary thromboendarterectomy still carries a sub- 
stantial risk with a perioperative mortality of 13% in the 
most favorable series.* A precise preoperative evaluation 
of the extent, the location and thickness of the chronic 
thrombi is essential, therefore, to optimize the surgical 
result and minimize the operative risks. 

Pulmonary angiography is the more reliable diag- 
nostic procedure in these patients, but its interpretation 
is problematic because of the highly variable pattern of 
recanalized chronic thromboemboli.> Other diagnostic 
procedures such as angioscopy,’ computerized tomogra- 
phy® and magnetic resonance imaging’ also have been 
used to complement pulmonary angiography. Catheter- 
based intravascular ultrasound is a new technique al- 
lowing 2-dimensional, cross-sectional imaging of vessels. 
It can give information not only on luminal size, but 
also on vessel wall thickness. Preliminary studies have 
mostly described its use in vitro and in peripheral arter- 
ies.!0-14 Its use in normal pulmonary arteries has also 
been recently described.'> In this study, we report our 
experience with intravascular ultrasound imaging in 11 
patients with pulmonary hypertension due to suspected 
chronic thromboembolic obstruction. Our early findings 
indicate that intravascular ultrasound can be done safe- 
ly in these patients and may help to assess the location 
and extension of the pathologic process involving pul- 
monary arteries. 


S urgical thromboendarterectomy is now the treat- 


METHODS 

Patients: Eleven patients (9 men and 2 women aged 
35 to 64 years [mean age + standard deviation 52.4 + 
10.5]) were evaluated in the University of California, 
San Diego Medical Center, for pulmonary hypertension 
and suspected chronic thromboemboli of large pulmo- 
nary vessels. All patients underwent thorough clinical 
assessment and various noninvasive tests including chest 
x-ray, electrocardiogram, echocardiography, V/Q scan, 
spirometric testing and arterial blood gas analysis as 
previously described.*:'© 

Cardiac catheterization: Before cardiac catheteriza- , 


tion, all patients had to be clinically stable, normoten= _’ “SG 
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Systolic 
PAP 
(mm Hg) 
1 
2 70 45 
3 74 44 
4 60 35 
5 85 58 
6 80 46 
7 85 45 
8 96 50 
9 40 23 
10 38 28 
ll 58 36 
Mean + SD 70+19 41+10 


Cardiac 


Pulmonary 
Resistance 
(dynes-s-cm—°) 


343 


Output 
(liters /min) 


1,214 
6 46 597 
6 4.5 - 515 
8 41 917 
5 5 569 
14 3.3 880 
7 41 702 
5 45 270 
6 2.7 416 
9 6.5 283 
79437 4.3+1.2 609 + 297 


PAP = pulmonary artery pressure; RAP = right atrial pressure; SD = standard deviation. 


sive and free of significant arrhythmias. For access to 
the right heart, the right internal jugular vein was used 
to avoid the risk of dislodging thrombi from veins in the 
legs. After insertion of an 8Fr vascular sheath, a 7Fr 
thermodilution balloon flotation catheter was advanced 
to the pulmonary artery to obtain standard measure- 
ments of pressures and cardiac output. After completion 
of the hemodynamic studies, the initial catheter was re- 
placed by an 8Fr Berman catheter. Pulmonary angio- 
grams of the right and the left pulmonary arteries were 
performed sequentially as previously described. 6 

Intravascular ultrasound imaging: A 0.032-inch 
guidewire was advanced to the pulmonary artery 
through a 7Fr Critikon balloon catheter. After removal 
of the catheter, an 8Fr Mullins transseptal sheath was 
advanced together with the balloon catheter over the 
wire and left in place to the level of the main right or 
left pulmonary arteries. The guidewire and the balloon 
catheter were then removed and the intravascular ultra- 
sound imaging catheter was advanced through the 
sheath to the right or left main pulmonary artery. A 20- 
MHz ultrasound imaging system (Cardiovascular Im- 
aging System, Inc., Sunnyvale, California) is mounted 
on an 8Fr catheter, 65 cm in length. A mechanically 
rotating mirror located at the tip of the catheter radi- 
ates the ultrasound energy and collects the reflecting 
signals. The signal is then processed to create an image 
of the artery in a 360° cross-section on a video screen. 
The penetration of the ultrasound beam using a fre- 
quency of 20 MHz is about 1 to 2 cm. The position of 
the intravascular ultrasound catheter was changed using 
fluoroscopic guidance. Images were recorded on a vid- 
eocassette recorder and printed using a Sony UP-100 
Videographic Printer. All patients signed an informed 
consent before the ultrasound procedure, which was ap- 
proved by the Institutional Review Board at the Univer- 
sity of California at San Diego. 

Eight patients, 7 with suspected chronic thromboem- 
bolic pulmonary hypertension and 1 with suspected pul- 
monary artery tumor, underwent surgery by techniques 
previously described.'’ Findings at operation were com- 
pared with the location of chronic thromboemboli pre- 
dicted by intravascular ultrasound. 
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RESULTS 

Hemodynamic findings: All patients evaluated had 
significant pulmonary hypertension as described in Ta- 
ble I. 

Angiographic findings: Pulmonary angiograms were 
obtained in all patients. The diagnosis of chronic throm- 
boembolic pulmonary hypertension was suspected in 9 
of 11 patients. In 1 patient, primary pulmonary hyper- 
tension was diagnosed. In another, a primary pulmo- 
nary artery tumor was suspected. 

Intravascular ultrasound findings: Real time cross- 
sectional images of the pulmonary arteries were ob- 
tained in 10 of 11 patients. In 1 patient, the catheter 
could not be advanced beyond the right ventricle be- 
cause an acute angle at that level led to kinking of the 
sheath. In 3 patients, both right and left pulmonary 
arteries could be imaged; in 7 patients, only the right 
pulmonary artery could be imaged while the left pulmo- 
nary artery could not be engaged because of an acute 
angulation at its origin from the main pulmonary ar- 
tery. The procedure was tolerated well by all patients. 
No complications occurred. 

In the segments considered normal by intravascular 
ultrasound, the arterial lumen was circular or oval (Fig- 
ure 1B). Segments with an internal diameter ranging 
from 6 to 31 mm were imaged. Branches could be de- 
tected easily (Figure 2C). 

In patients with angiographic suspicion of chronic 
thromboemboli, 7 had abnormalities on their ultrasound 
images. In some patients, a marked thickening of the 
vessel wall was noted (Figure 1C), sometimes with a 
“crescentic layer” appearance (Figure 2C). In the pa- 
tient suspected of having a tumor, an echogenic mass 
was seen adjacent to the vessel wall (Figure 3B). At 
operation, a fibrous histiocytoma was found extending 
from the pulmonary valve into the right and left pulmo- 
nary arteries. 

Correlation with angiographic findings: Ultrasound 
imaging identified 10 areas in 7 patients that indicated 
the presence of organized thromboemboli or of tumor. ~ 
At pulmonary angiography, abnormalities were noted in 
each instance (Figure 1A). However, in some cases only 
mild tapering of the vessel was noted (Figure 2A). 
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Correlation with findings at surgery: Seven of the 8 
patients with diagnosis of suspected chronic major ves- 
sel thromboembolic obstruction and the 1 with suspect- 
_ ed tumor underwent surgery. In 1 patient with suspect- 
ed thromboemboli, surgery was not undertaken because 
only mild pulmonary hypertension was present (pulmo- 
nary arterial resistance at rest: 280 dynes-sem~>5) and 
the patient was stable clinically. She was treated by cal- 
cium antagonists and will be reevaluated after 6 
months. In the surgically treated patients, the diagnosis 
of chronic thromboembolic obstruction or tumor of pul- 
monary arteries was confirmed at operation. Chronic 
organized thromboemboli or tumor were found in each 
of 10 segments judged abnormal by ultrasound imaging 
(Figure 4). Nine segments that were judged normal by 
ultrasound were free of chronic thromboemboli at sur- 
gery except 1 case of a clot located in the right proximal 
pulmonary artery. 


DISCUSSION 

In this study, we report the initial results of intravas- 
cular ultrasound imaging of pulmonary arteries in a 
unique population with chronic thromboemboli. Our ex- 
perience indicates that intravascular ultrasound images 
can be obtained safely and provide information about 
arterial luminal size and, particularly, vessel wall thick- 
ness that cannot be obtained from pulmonary angio- 
grams. Chronic recanalized thromboemboli appear as 
areas of marked wall thickening or have a crescentic 
layer appearance. Thus, the technique may serve to lo- 
calize accurately chronic organized thromboemboli in 
the pulmonary tree and may help to select the most 
suitable patients for surgical thromboendarterectomy. 

Pulmonary angiography is the most useful method 
for assessing the extent of chronic pulmonary throm- 
boemboli. However, in many cases, recanalized throm- 





FIGURE 1. A, angiographic images of the right pulmonary ar- 
tery with a normal appearance of the main pulmonary artery 
(large arrow) and tapering of the inferior lobe branch (small 
arrow) suggesting chronic clots. B, intravascular ultrasound 
images of the main right pulmonary artery showing a normal 
appearance of the lumen and of the vessel wall (2 mm be- 
tween dots). C, intravascular ultrasound images of the inferior 
lobe right pulmonary artery showing thickening of the vessel 
wall (arrows) (2 mm betweeen dots). 





FIGURE 2. A, angiographic image of the left pulmonary ar- 
tery showing a mild tapering of the inferior branch (arrow). B, 
the intravascular ultrasound imaging catheter is positioned in 
the left inferior lobe pulmonary branch (arrow). C, intravascu- 
lar ultrasound image of the left inferior lobe pulmonary branch 
showing a “‘crescentic layer” appearance of the vessel wall 
(small arrows) (1 mm betweeen dots). X = presence of a side 
branch. 





FIGURE 3. A, angiographic image of the right pulmonary ar- 
tery showing a tapering of the intermediate branch (arrow). 
B, intravascular ultrasound image of the intermediate pulmo- 
nary artery showing an echolucent mass adjacent to the vessel 
wall (small arrows) (2 mm betweeen dots). At operation, a fi- 
brous histiocytoma was found. 
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FIGURE 4. Surgical specimen of chronic pulmonary throm- 
boemboli of the right inferor lobe pulmonary branch removed 
annaa 2 ad a her 


boemboli are present in areas with only subtle changes 
on pulmonary angiograms, such as mild or smooth ta- 
pering of the artery. This is particularly common when 
chronic emboli are present in only the lobar or segmen- 
tal branches and distinct cut-offs or webs are not seen.'® 
In such patients, definition of the thickness of the 
chronic thrombotic material is of particular importance. 
Even given optimal angiographic/angioscopic informa- 
tion, such distinctions are not possible in some patients. 
Ultrasound imaging, therefore, could prove valuable in 
defining the surgical accessibility of these chronic 
thromboemboli. Identification of tumor masses may 
also be possible using intravascular ultrasound technolo- 
gy, as suggested by our case of fibrous histiocytoma. 
Study limitations: The ultrasound catheter has sev- 
eral important technical limitations. The catheters we 
have used were stiff and had limited steerability. Imag- 
ing was therefore limited to the right and left main pul- 
monary arteries and descending (lower lobe) lobar 
arteries. Development of a more flexible over-the-wire 
system may allow imaging of more distal branches. 
Also, an over-the-wire system may allow the imaging 
device to remain in the center of the artery to optimize 
the quality of the image. Currently, the catheter is often 
eccentric because of the large size and pulsatility of the 
pulmonary artery, which results in image distortion and 
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some loss of information. The ultrasound catheter we 
used had a frequency of 20 MHz. This allows imaging 
at a depth of about 1 to 2 cm, which limits visualization 
of the very large proximal pulmonary arteries often 
present in this disease. This may explain why we missed 
a proximal clot in the right pulmonary artery, 28 mm in 
diameter. The use of catheters with a lower ultrasonic 
pulse frequency should provide images of larger cross- 
sectional areas. 
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Assessment of Right Ventricular Oxidative 
Metabolism by Positron Emission Tomography 
with C-11 Acetate in Aortic Valve Disease 


Rodney J. Hicks, MB, BS, Victor Kalff, MB, BS, Vicky Savas, MD, 
Mark R. Starling, MD, and Markus Schwaiger, MD 


Evaluation of right ventricular (RV) oxidative me- 
tabolism is limited by the inability to easily deter- 
mine oxygen extraction by the RV myocardium and 
the complex morphology of this ventricle. Because 
left ventricular C-11 clearance rate constants 
closely correlate with myocardial oxygen consump- 
tion, it was postulated that C-11 clearance rate 
constants for the RV free wall should also reflect 
its oxygen consumption. Therefore, RV C-11 clear- 
ance rate constants were compared with RV load- 
ing in 21 patients with aortic valve disease to as- 
sess the possible use of this technique for noninva- 
sive evaluation of RV oxidative metabolism. RV 
free wall C-11 clearance rate constants correlated 
with the product of systolic pulmonary artery pres- 
sure and heart rate for all patients (r = 0.65, p = 
0.002), but the relation was stronger if 2 patients 
with overt RV dysfunction were excluded (r = 0.83, 
p = 0.001). On the basis of mean pulmonary artery 
pressures, patients were stratified into subgroups 
with normal (group I, n = 8) and elevated (group Il, 
n = 13) pulmonary pressures and were compared 
with 10 normal control subjects. RV C-11 clear- 
ance rate constants were significantly higher in 
group Il than in group I and in normal control sub- 
jects (p <0.05). These data suggest that RV C-11 
acetate clearance rate constants can provide nonin- 
vasive evaluation of RV oxidative metabolism. This 
technique may allow serial assessment of RV per- 
formance in various cardiac and pulmonary dis- 
eases, and particularly of changes associated with 
therapeutic interventions. 

(Am J Cardiol 1991;67:753-757) 
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can cause significant morbidity in cardiac and pul- 

monary diseases. Right-sided cardiac catheteriza- 
tion, echocardiography and radionuclide ventriculography 
provide evaluation of RV loading and function.'2 How- 
ever, none of these techniques provides direct evaluation 
of RV oxidative metabolism either globally or regional- 
ly. Indeed, oxidative metabolism within the right ventri- 
cle has been only poorly characterized because of the 
inability to measure oxygen extraction by RV myocar- 
dium and the complex morphology of the right ventri- 
cle, which limits assessment of RV wall stress.3-8 

The RV free wall makes an important contribution 
to RV performance?!? and may be responsible for 
maintaining cardiac output in advanced LV dysfunc- 
tion. Because metabolic demands placed on the RV free 
wall are influenced significantly by the performance of 
the ventricular septum,° the ability to directly charac- 
terize oxidative metabolism regionally within the right 
ventricle would have significant advantages. 

C-11 acetate has recently been introduced and vali- 
dated as a tracer of myocardial oxidative metabolism 
for use in combination with positron emission tomogra- 
phy (PET).'?-!© We postulated that C-11 acetate clear- 
ance rate constants in the RV free wall would reflect its 
oxygen consumption and correlate with parameters of 
RV loading in the compensated right ventricle. Conse- 
quently, we evaluated the relation between RV C-11 ac- 
etate clearance rate constants and RV hemodynamic 
data in 21 patients with aortic valve disease. The aim of 
this study was to determine the possible use of this ap- 
proach for the noninvasive evaluation of RV oxidative 
metabolism. 


[sree of right ventricular (RV) performance 


METHODS 

Patients: The study protocol was approved by the 
Human Subject Protection Committee of the University 
of Michigan Medical Center. All normal subjects and 
patients were studied only after granting informed, writ- 
ten consent. 

All 21 patients in the group had aortic valve disease 
documented by echocardiography and were being elec- 
tively evaluated for possible aortic valve replacement. 
This population was chosen because such patients gen- 
erally have only modest elevation of pulmonary artery 
pressures and well-preserved RV contractile function. 
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TABLE I Patient Characteristics 


Group | Group II 


(n=8) 
61416 


Mean Age + SD 


(years) 
Age range (years) 38-35 
Men:women 6:2 


Primary diagnosis 3 AR, 5AS 6 AR, 4AS, 3 mixed 


AR = aortic regurgitation; AS = aortic stenosis; mixed = mixed aortic and mitral 
valve disease; SD = standard deviation. 





Eighteen patients had isolated aortic valve disease 
and 3 patients had mixed mitral and aortic valve dis- 
ease. All were clinically stable, although 2 had chronic 
RV failure. None had significant coronary artery dis- 
ease based on coronary arteriography performed within 
1 month of entry into the study. These patients were 
compared with a group of 9 healthy male volunteers, 22 
to 29 years of age (mean + standard deviation 26 + 3). 
All volunteers were nonsmokers and were considered to 
have a low likelihood of coronary artery disease or other 
cardiac disease based on age, clinical history, physical 
examination and the presence of a normal electrocardio- 
gram at rest. 

Right ventricular hemodynamic data: Right-sided 
cardiac catheterization was performed for clinical indi- 
cations in all patients but not in the normal volunteers. 
RV hemodynamic data were obtained within 1 month 
of PET and without change in medication in the study 
interval. Mean, systolic and diastolic pulmonary artery 
pressures were measured using standard techniques and 
with the patient lying quietly in the supine position. A 
RV rate-pressure product was derived by multiplying 
the systolic pulmonary artery pressure at the time of 
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right-sided cardiac catheterization by the heart rate re- 
corded at the time of the PET study. 

Patients were stratified into subgroups with normal 
(group I, n = 8) and elevated (group II, n = 13) pulmo- 
nary artery pressures based on the recorded mean pul- 
monary artery pressure. A mean pulmonary artery pres- 
sure >20 mm Hg was considered pathologically elevat- 
ed.'? The age, sex and clinical characteristics of these 
subgroups of patients are listed in Table I. 

C-11 acetate positron emission tomography: C-11 
acetate PET studies were performed using a whole body 
PET scanner (Siemens 931, CTI, Knoxville, Tennes- 
see), allowing simultaneous imaging of 15 transaxial 
slices, 6.75 mm in thickness. Transmission images were 
obtained for 15 minutes and were used for attenuation 
correction. Dynamic PET imaging was then performed 
for 31 minutes after intravenous administration of 740 
MBg (20 mCi) of C-11 acetate. Ten frames of 90 sec- 


onds’ duration were obtained, followed by 5 frames of ^ 


120 seconds’ duration and 2 frames of 180 seconds’ du- 
ration. C-11 acetate was synthesized using previously 
described methods. !3 

A single midventricular transverse, transaxial plane 
in which the right ventricle could be easily identified 
was chosen for analysis. The decay-corrected, dynamic 
series of 17 C-11 acetate images for this plane was dis- 
played and regions of interest were assigned on the 
frame with best myocardial definition (Figure 1A). 
Regions of interest were assigned for the RV free wall 
and septum and were then extrapolated to all frames. 
Monoexponential fitting of the resultant regional time- 
activity curves was performed after decay correction 
(Figure 1B). Clearance half-times (t!⁄) were obtained 
and C-11 acetate rate constants (k/min) were calculat- 
ed by dividing the natural logarithm of 2 by the C-11 
acetate clearance t' in minutes, i.e. k = In2/t'2,!8 

Statistical analysis: Values for groups are presented 
as mean + standard deviation. Mean levels of continu- 
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“ssn A, dynamic series of decay-corrected, C-11 acetate images for a single midventricular, transaxial plane. In the first 

frame (top left), C-11 activity is mainly in blood. Later, there is rapid and marked blood pool clearance and avid myocardial ex- 
traction. By the final frame (bottom right) there has been substantial clearance of myocardial C-11 activity, reflecting metabo- 
lism of C-11 acetate via the tricarboxylic acid cycle. B, decay-corrected time-activity curves for right ventricular and left ventric- 
ular myocardial regions of interest. Data presented in this figure were derived from analysis of a study done in a patient with el- 
evated pulmonary artery pressures secondary to aortic regurgitation. 
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ous factors were compared between groups using an un- 
paired t test. RV and septal C-11 acetate clearance rate 
constants were compared in each patient using a Stu- 
dent’s ż test for paired data. Multiple regression analysis 
was performed to evaluate the relation between RV he- 
modynamic data and the RV free wall and septal C-11 
acetate clearance rate constants. Pearson’s correlations 
were used to test the association between 2 continuous 
factors. Probability levels of <0.05 were considered sta- 
tistically significant. 


RESULTS 

Comparison of C-11 acetate clearance with right 
ventricular hemodynamic data: RV C-11 clearance rate 
constants were significantly correlated with the RV 
rate-pressure product for all patients (Figure 2A). The 
2 patients in this study with overt evidence of RV fail- 
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tility made the correlation between these parameters stronger 
(r = 0.83, p = 0.001). Again, the 95% confidence bands of 
the true mean of k per minute are displayed. These data sug- 
gest that C-11 clearance rate constants are closely related to 
RV loading in the compensated right ventricle but less well in 
the failing right ventricle. 


ure lay well below the line of identity for this relation. If 
these patients with RV decompensation and probable 
impairment of RV contractility were excluded from 
analysis, a stronger correlation was observed between 
C-11 clearance in the RV free wall and the RV rate- 
pressure product (r = 0.83, p = 0.001) (Figure 2B). 

Mean pulmonary artery pressures were significantly 
higher in the patient subgroup defined as having elevat- 
ed pulmonary artery pressures (group II) than in the 
subgroup defined as having normal pulmonary artery 
pressures (group I) (28 + 12 vs 13 + 2 mm Hg, p 
<0.005, respectively). RV C-11 acetate clearance rate 
constants were significantly higher in group II than in 
group I patients (p <0.05) and in normal subjects (p 
<0. 005) (Figure 3). C-11 clearance was faster in pa- 
tients in group I than in normal subjects without evi- 
dence of cardiac disease, although the difference was 
not statistically significant. 

Comparison of right ventricular and septal C-11 
clearance kinetics: In patients and in normal volun- 
teers, C-11 acetate clearance rate constants were signifi- 
cantly higher in the septum than in the RV free wall 
(0.064 + 0.013 vs 0.043 + 0.016, p = 0.0001). How- 
ever, C-11 acetate clearance rate constants in the RV 
free wall correlated with those in the septum (r = 0.75, 
p = 0.0001). Despite this relation, linear regression 
analysis of C-11 acetate clearance rate constants in the 
septum versus RV hemodynamic parameters revealed 
no significant correlation except with heart rate (r = 
0.53, p <0.05). This was in contrast to the RV free wall 
C-11 acetate clearance rate constants which correlated 
significantly with mean pulmonary artery pressure (r = 
0.62, p <0.005), systolic pulmonary artery pressure (r 
= 0.56, p <0.01), RV rate-pressure product (r = 0.65, p 
<0. 005) and heart rate (r = 0.47, p <0.05). Multiple 
regression analysis demonstrated a significant correla- 
tion between RV free wall C-11 acetate clearance rate 
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FIGURE 3. C-11 acetate clearance rate constants were, on 
average, significantly higher in 13 patients with elevated pul- 
monary artery pressure (PAP) than in 8 patients with normal 

artery pressures and in 10 normal subjects (Volun- 
teers). C-11 clearance was also slightly faster in patients with 
normal pulmonary artery artery pressures than in normal volunteers, 
possibly reflecting the fact that mean pulmonary artery artery pres- 
sures in this group of patients were in the upper end of the 
normal range. 
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constants and 5 potential predictors of RV oxygen de- 
mand including mean, systolic and diastolic pulmonary 
artery pressures, and RV rate-pressure product and 
heart rate (cumulative r = 0.8, p = 0.006). Similar 
comparison between C-11 acetate clearance rate con- 
stants in the septum and the same 5 parameters re- 
vealed no significant correlation (cumulative: r = 0.6, 
p = 0.17). 

Comparison of each study subgroup showed that the 
ratio of RV free wall to septal C-11 acetate clearance 
rate constants was significantly higher in group II than 
in group I (78 + 15% vs 57 + 8%, p <0.005) and in 
normal volunteers (78 + 15% vs 58 + 10%, p <0.005). 
Also, although there was a significant difference in RV 
free wall C-11 acetate clearance rate constants in group 
II compared with group I (0.054 + 0.017 vs 0.037 + 
0.007, p = 0.003), there was no significant difference in 
C-11 clearance in the septum of the 2 subgroups (0.069 
+ 0.014 vs 0.065 + 0.011). 


DISCUSSION 

C-11 acetate has been validated as a tracer of myo- 
cardial oxidative metabolism in both animals!*!%° and 
humans.2! We have previously shown the unique ability 
of C-11 acetate kinetics to provide noninvasive evalua- 
tion of regional LV oxidative metabolism.”” Based on 
these findings, we hypothesized that analysis of RV free 
wall C-11 acetate clearance kinetics should provide non- 
invasive evaluation of RV oxidative metabolism. 

Our primary hypothesis could not be directly vali- 
dated because of the inability to measure RV oxygen 
consumption directly. However, the positive correlation 
between RV free wall C-11 acetate clearance rate con- 
stants and RV hemodynamic data demonstrated in this 
study supports our hypothesis since increased loading 
conditions would be predicted to increase RV oxygen 
demand. Furthermore, lower C-11 acetate clearance 
rate constants were observed in the RV free wall than in 
the septum in both normal subjects and patients. This is 
consistent with the lower stroke work of the right ventri- 
cle compared with the left. There was a significant cor- 
relation between C-11 clearance rate constants in the 
RV free wall and septum (r = 0.75, p = 0.0001) sup- 
porting the functional interdependence of these regions.® 
However, C-11 clearance rate constants correlated with 
pulmonary hemodynamics, whereas those in the septum 
did not. These data further suggest that regional RV 
clearance of C-11 acetate reflects local oxygen demand. 

Pathophysiologic considerations: Myocardial oxy- 
gen consumption is determined by energy demand, 
which integrates the effects of myocyte loading, and 
the rate of isometric force production. Consequently, 
changes in cardiac performance that occur in pressure 
and volume overload of the right ventricle may alter 
the relation between loading conditions and oxygen 
demand.23 In compensated RV hypertrophy resulting 
from pressure overload, performance of the right ventri- 
cle as assessed from pressure measurements may appear 
to be elevated but is essentially normal when corrected 
for volume24 or RV mass.2> However, depressed RV 
contractility would be expected to decrease oxygen con- 
sumption relative to a right ventricle with normal con- 
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tractile function under the same loading conditions. As- 
sessment of RV loading alone, particularly in the failing 
ventricle, may give inadequate evaluation of myocardial 
oxidative metabolism. Under these conditions, C-11 ac- 
etate clearance kinetics that provide direct assessment 
of myocardial oxygen consumption, integrating both 
loading determinants of myocardial oxygen demand and 
the effects of altered contractility, may provide unique 
characterization of RV performance. 

The scatter about the line of identity relating RV C- 
11 acetate clearance rate constants and RV rate-pres- 
sure products in our study group (Figure 2A) may well 
reflect the limitations of RV hemodynamics as predic- 
tors of RV free wall oxygen consumption rather than 
limitations of C-11 acetate kinetics in assessing regional 
oxidative metabolism. This was evidenced by the im- 
proved correlation between C-11 acetate clearance rate 
constants and the RV rate-pressure product when the 2 
patients with RV failure were excluded from analysis 
(Figure 2B). 

Study limitations: The major limitation of this study 
is the fact that RV hemodynamic data, with which C- 
11 acetate clearance rate constants were compared, 
were obtained at a different time than the PET study. 
Although these patients were clinically stable, had no 
change in medication in the study interval, and under- 
went both studies under similar conditions, the possibili- 
ty that there might have been fluctuation in pulmonary 
artery pressures cannot be excluded. Standard right-sid- 
ed cardiac catheterization was performed in all patients 
as part of routine clinical management. Consequently, 
more sophisticated evaluation of RV loading including 
pressure-volume loops?ć was not performed. These pre- 
liminary feasibility results in humans suggest that fur- 
ther assessment of the utility of PET with C-11 acetate 
is warranted in subgroups of patients with more ad- 
vanced RV disease. 

The RV free wall thickness is generally much less 
than the intrinsic resolution of the PET device used (8 
to 10 mm). Nevertheless, correction for partial volume 
effects was not needed because C-11 acetate clearance 
rate constants are a rate of change in activity rather 
than an absolute measure of tissue activity and are thus 
insensitive to partial volume effects. A more important 
theoretical problem with these studies is the spillover of 
blood pool activity into the myocardial region of inter- 
est. Although C-11 acetate activity clears rapidly and 
substantially from the blood,!* the thin free wall of the 
right ventricle and the large adjacent blood pool make 
the effects of spillover relatively greater for the right 
ventricle than for the left ventricle.” Without accu- 
rate measurement of RV wall thickness and chamber 
diameters, correction of cross-contamination of record- 
ed counts between blood and myocardium was not pos- 
sible. However, the effects of spillover on C-11 clear- 
ance rate constants are likely to have been minor since 
fitting of the myocardial time activity was performed 
after the blood pool activity had largely cleared and was 
relatively stable. 

Clinical implications: The unique ability of PET 
with C-11 acetate to provide noninvasive assessment of 
regional myocardial oxidative metabolism may provide 


an attractive option for following patients with RV vol- 
ume or pressure overload. Assessment of the success of 
medications in decreasing RV oxygen demand could be 
assessed, and the combination of noninvasive evaluation 
of RV size and performance obtained by echocardiogra- 
phy and PET with C-11 acetate could provide evalua- 
tion of the progression and status of RV dysfunction in 
various cardiac and pulmonary diseases. The findings of 
this study warrant application of this approach to dis- 
eases, such as primary pulmonary hypertension, sclero- 
derma, and mitral valve disease, which are more fre- 
quently associated with RV dysfunction than is aortic 
valve disease. 
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Application of Spectrum Analysis Method 
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Measurement of coronary flow velocity in clinical 
cases contributes to understanding the pathophysi- 
ology of coronary circulation. To determine abso- 
lute coronary flow velocity, coronary blood flow 
was assessed with an end-mounted Doppler cathe- 
ter (3Fr, 20 MHz), which was combined with a cus- 
tom-designed fast-Fourier transformation analysis 
system. In vitro study using model circuit, actual 
flow velocity (8 to 96 cm/s) was well correlated 
with that determined by this catheter system (y = 
1.01 x +1.5, r = 0.988). In a clinical study of 12 
patients with normal coronary arteriograms, the 
Doppler catheter was positioned at the proximal 
left anterior descending artery. Clear flow velocity 
patterns, which consisted of predominant diastolic 
components and preceding small systolic compo- 
nents, were obtained in all cases. The peak flow ve- 
locity was 17 + 8 cm/s (mean + standard devi- 
ation) during systole and 44 + 12 cm/s during dias- 
tole in this portion. In 5 patients, the great cardiac 
vein flow, which reflects the left anterior descend- 
ing artery flow, was simultaneously measured dur- 
ing rapid atrial pacing. During pacing, percent in- 
creases in flow velocity were well correlated with 
those in great cardiac vein flow (y = 0.90 x +6.4, 
r = 0.935). These results indicate that catheter-tip 
Doppler technique with fast-Fourier transformation 
analysis may be useful in quantitatively determin- 
ing coronary flow velocity in clinical cases. 

(Am J Cardiol 1991;67:758-762) 
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ecent advances in a catheter-tip Doppler tech- 
nique have enabled us to estimate coronary flow 
velocity in clinical cases.!? With this method, 
functional capacity of coronary circulation such as coro- 
nary flow reserve has been determined to assess the se- 
verity of coronary stenosis.* Although it is also intrigu- 
ing to analyze the coronary flow velocity patterns with 
this technique, precise determination of flow velocity 
pattern has not been possible owing to methodologic 
limitations.*° 
Application of the fast-Fourier transformation spec- 
tral analysis method to analyze the signals from the 
Doppler catheter may enable us to estimate coronary 
flow velocity patterns. Johnson et al’ reported that in 
the experimental study absolute coronary flow velocity 
could be measured by a Doppler catheter system after 
spectral analysis. However, there has been no report in 
which the accuracy for determining flow velocity was 
systematically studied. In the present study, we at- 
tempted to examine the validity of a newly developed 
fast-Fourier transformation analysis system by which 
Doppler signals from a catheter-tip probe were analyzed 
in a model circuit and in clinical cases. 


METHODS 

Doppler catheter and signal analysis system: We 
used a commercially available 3Fr Doppler catheter 
with an end-mounted transducer (model DC-201, Mil- 
lar Inc.) and a standard signal generator (model MDV- 
20, Millar Inc.). Precise information on these systems 
has already been described by others.”” Briefly, a carri- 
er frequency was 20 MHz and a pulse repetition fre- 
quency was 62.5 kHz. The sample volume was 0.46 mm 
in depth, and movable from 1 to 10 mm from the cathe- 
ter tip. 

The quadrature phase detector had 2 outputs with a 
90° phase difference between them, representing the in- 
stantaneous phase difference between the echo signal 
and the 20-MHz carrier frequency, and with the sign of 
the phase shift determined by direction of motion. Sig- 
nals returning to the receiver were amplified and passed 
to a dual-face detector where 2 reference signals, locked 
to the transmitted frequency and separated in phase by 
90°, were compared with the returning signal. Then, the 
audio signal was transmitted to a spectrum analyzer 
through a gain controller. After passing the analog to 
digital converter, digital signals that were periodically 
sampled from each channel were transferred to the pro- 
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cessor. In this system, it is possible to record not only 
the full power spectrum of flow velocity, but also the 
instantaneous mean flow velocity. Doppler signals after 
spectral analysis were recorded on a strip-chart recorder 
at a paper speed of 50 mm/s. 

In vitro study: For the model circuit, we used poly- 
ethylene tubes with a 5-mm inner diameter and 40 cm 
in length. The tip of the Doppler catheter was placed at 
the midportion of this tube. The solution, which consist- 
ed of water, glycerin and sephadex particles (+4 X 106/ 
mm?), was injected with a direction away from the 
catheter tip by a Harvard pump at a rate of approxi- 
mately 10 to 200 ml/s. The sample volume was set at 4 
mm distal to the catheter tip to avoid the effect of flow 
turbulence.> Measurement was performed 2 times at 
each flow rate. The relation between the mean flow ve- 
locity measured by the Doppler catheter and actual flow 
velocity, which was calculated by dividing the timed vol- 
' ume collections by cross-sectional area of the polyethyl- 
ene tube (19.6 mm2), was determined. 

Human studies: We studied 12 patients (9 men and 
3 women aged 53 to 68 years [mean 64]) with chest 
pain syndrome who had normal coronary arteries on an- 
giography. Informed consent was obtained from all pa- 
tients before catheterization. All antianginal drugs 
except oral nitroglycerin were discontinued 12 hours 
before the procedures. After diagnostic coronary angi- 
ography was performed using an 8Fr guiding catheter, 
heparin sodium (100 U/kg) was additionally given in- 
travenously. The Doppler catheter was preloaded with a 
0.014-inch flexible steerable guidewire. The guidewire 
was extended beyond the tip of the Doppler catheter 
and this system was passed through the guiding catheter 
into the proximal left anterior descending artery. Flow 
velocity patterns in the left main coronary artery were 
also determined in some cases. After dislocation of the 
guiding catheter from the wedged position, an optimal 
audio signal and a phasic tracing of maximal flow veloc- 
ity were obtained by making minor adjustments in the 
position of the Doppler catheter. 

In 5 patients who had exercise-related chest symp- 
toms, rapid atrial pacing was performed to alter coro- 
nary blood flow. At this time, the great cardiac vein 
flow, which can be an index of the left anterior descend- 
ing artery flow, was measured by the thermodilution 
method using an 8Fr multithermister catheter (CCS-8 / 
7-90K, Wilton-Webster Corporation).* The pacing rate 
was increased from 90 to 130 beats/min by 20 beats/ 
min every 3 minutes, and coronary flow velocity and 
great cardiac vein flow were recorded just before the 
increment of the pacing rate. A standard 12-lead elec- 
trocardiogram was also recorded. In a clinical study, 
maximal flow velocity was determined by averaging the 
values of =5 consecutive beats. 

Statistical analysis: Data were expressed as mean + 
standard deviation. The relation between 2 parameters 
was evaluated by a simple correlation analysis. 


RESULTS 
In vitro study: When flow rate was increased from 8 
to 96 cm/s, mean flow velocity determined by the 


Doppler method was well correlated with these values, 
giving a correlation efficient of 0.988. The regression 
line for these 2 variables closely approximated the line 
of identity, with a slope of 1.01 and y intercept of 1.5 
(Figure 1). 

Flow velocity of human coronary circulation: Flow 
velocity could be recorded in all patients examined. The 
flow velocity pattern in the proximal left anterior de- 
scending artery consisted of predominant diastolic com- 
ponents that were preceded by small systolic compo- 
nents. In 8 of 12 patients, there were transient and small 
reversal components at the phase of isovolemic contrac- 
tion or atrial contraction, or both. As shown by the epi- 
cardial approach,° flow velocity patterns in a represen- 
tative case consisted of the relatively narrow band pat- 
tern (Figure 2). The peak flow velocity was 44 + 12 
cm/s during diastole and 17 + 8 cm/s during systole. 

The flow velocity pattern in the left main coronary 
artery was somewhat different from that in the left an- 
terior descending artery. A representative pattern ob- 
served in 7 patients consisted of diastolic components 
that were preceded by systolic components with rela- 
tively high-flow velocity, probably due to the effect of 
aortic ejection (Figure 3). 

Relation between coronary flow velocity and great 
cardiac vein flow: The pacing rate could be increased to 
130 beats/min in 3 patients and 110 beats/min in 2 
patients who had atrioventricular block at the rate of 
130 beats/min. The electrocardiogram showed no sig- 
nificant ST-segment deviation in any patients. When 
the pacing rate was increased, great cardiac vein flow 
increased from 56 to 80 ml/min before pacing to 134 to 
218 ml/min at the peak pacing rate. Under these condi- 
tions, peak flow velocity during diastole increased from 
31 to 40 cm/s to 64 to 114 cm/s (Table I). When per- 
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FIGURE 1. Relation between the actual flow velocity (ordi- 
nate) and measured mean flow velocity (abscissa) in the cir- 
cuit model using a polyethylene tube with a 5-mm inner diam- 
AETS 6 ear Belwasn thom (r = 0.988, y 
= 1.01 x +1.5). 
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TABLE I Summary of the Effect of Atrial Pacing on Coronary 


Flow Velocity and Great Cardiac Vein Flow 
Pacing Rate (beats /min) Pacing Rate (beats /min) 


Before 90 110 130 


Pts. Before 90 110 130 


Great Cardiac Vein Flow 


Flow Velocity (cm/s) (ml/min) 


56 138 156 
124 144 


31 88 
80 
106 171 190 
80 
64 


32 


166 172 
88 134 


cent increases in great cardiac vein flow and coronary 
flow velocity were compared at each pacing rate, a good 
correlation was found (r = 0.935, y = 0.90 x +6.4, Fig- 
ure 4). 


DISCUSSION 

Improvements of Doppler catheter design have en- 
abled us to estimate coronary flow dynamics!~> includ- 
ing the evaluation of the results of angioplasty.’ In these 
studies, analysis of the Doppler signal from the coro- 
nary circulation was made by a zero-crossing counter 
that produced a voltage proportional to the pulse fre- 
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quency. Although a zero-crossing analysis system is 
quite simple and convenient, this method is known to be 
inaccurate in areas of disturbed flow and incapable of 
detecting true peak velocities.*’ Since the Doppler sig- 
nal from coronary blood flow is the sum of bursts from 
the different scatterers, the full power-spectrum analysis 
such as fast-Fourier transformation analysis, which rep- 
resents the average amount of power in the signal for 
each frequency, would be required to obtain all infor- 
mation in the composite Doppler signals from coronary 
blood flow.*”’ 

In the present study, the measured flow velocity in 
vitro model was well correlated with the actual flow ve- 
locity, and the measured flow velocities at the proximal 
left anterior descending artery were essentially similar 
to those measured by another method.!%-!3 This sug- 
gests that in clinical cases the present system can pro- 
vide the accurate measurement of coronary flow veloci- 
ty, although the great cardiac vein flow that we used as 
a reference of coronary flow has some limitations as a 
gold standard.'* 

As shown in a clinical measurement, complex spec- 
tral analysis has a major advantage. A flow velocity pat- 
tern consists of a narrow band that was not seen in the 
experimental measurement.’ Essentially, in the coro- 
nary artery, blood flow is laminar, representing the flow 


FIGURE 2. Representative flow velocity 
pattern at the proximal left anterior de- 
scending coronary artery. There were pre- 
dominant diastolic components that were 
preceded by small systolic components. 
During isovolemic and atrial contractions, 
transient flow reversal was also observed 
(arrows). 
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FIGURE 3. Representative flow velocity 

pattern at the left main coronary artery. 

There were systolic components (arrows) 
with patterns that were somewhat differ- 
ent from those observed in the left anteri- 
or descending artery. This may be due to 
the effect of aortic ejection during systole. 
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FIGURE 4. Relation between percent in- 
creases in great cardiac vein flow (GCVF) 
(ordinate) and those in the flow velocity of 
the proximal left anterior descending ar- 
tery (abscissa) during rapid atrial pacing. 
There is a good correlation between them 
(r = 0.935, y = 0.90 x +6.4). 
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velocity pattern of a narrow band.®° Therefore, if a 
flow velocity pattern of a wide band is observed by the 
present method, this may indicate the presence of dis- 
turbed flow that resulted from artifacts such as the posi- 
tioning of the catheter. This may be one of the advan- 
tages of the spectral analysis in distinguishing laminar 
from disturbed flow. 

Clinical implications: Measurements of absolute cor- 
onary flow velocity may provide several clinical applica- 
tions. Johnson et al’ estimated the severity of coronary 
stenosis by calculating the cross-sectional area using the 
formula of continuity equation. For this purpose, the 
present system may be applicable for measuring the ab- 
solute flow velocity at the site prior to stenosis and the 
site of stenosis of the human coronary artery. 

Another clinical application of the present method is 
precise analysis of the flow velocity patterns. For exam- 
ple, the reverse of the flow direction in the coronary 
artery, which was already observed by the epicardial 
Doppler technique, was also demonstrated by the 
present system. It may be especially useful to examine 
the effect of a vasodilator drug such as nitroglycerin on 
these flow velocity patterns, including the reverse of the 
flow direction. 

Study limitations: Important problems need to be re- 
solved: First, the measurable maximal flow velocity, 
which is determined by the carrier and pulse repetition 
frequency, has still been approximately 115 cm/s, and 
aliasing occurs when coronary blood flow with higher 
velocity is measured. Thus, it is impossible to measure 
flow velocity through severe stenosis where coronary 
blood flow would be markedly augmented.'> In the fu- 
ture, technical advancements may allow use of high 
pulse-repetition frequency methods that would enable 
accurate measurement of high velocity flows character- 
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izing significant coronary stenosis. Second, the position 
of the Doppler catheter is still an important factor in 
obtaining the clear flow velocity patterns associated 
with maximal flow velocity. However, by carefully mon- 
itoring of the flow velocity pattern after spectral analy- 
sis, it is possible to adjust the catheter position at the 
optimal site where a narrow band pattern was observed. 

Although we demonstrated that spectral analysis can 
provide precise information on Doppler signals from the 
coronary circulation, further studies are needed to ex- 
amine whether zero-crossing or spectral analysis would 
be more suitable for analyzing the Doppler signals from 
a Doppler catheter. 
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EDITORIAL 


On Jumbo and Junk Trials: A Fumbled Affair, a 
Jungle, or the Ultimate Solution? 


Paul G. Hugenholtz, MD 


again!” The author of that quote, Eugene Braun- 
wald, used it in 1980 at the beginning of the new 
thrombolytic era.! 

Indeed, it seems as if the world has followed his ad- 
vice because the recent series of thrombolytic trials that 
were conducted between 1980 and 1989—on both sides 
of the Atlantic Ocean and in Australia and New Zea- 
land—have been an excellent example of how to con- 
duct responsible clinical research. They provided ear- 
ly leads to the community of practicing cardiologists 
and general physicians on how to change the therapy 
of acute myocardial infarction fundamentally and how 
to avoid excesses by applying these therapies beyond 
where they are warranted. Compared with trial designs 
during the period between 1950 and 1980, when collec- 
tively more than 50,000 patients were subjected to in- 
vestigations, most of which were not informative, the 
trial designs since the eighties have successively and suc- 
cessfully cleared the air.* Indeed, this time we seem to 
have handled the matter responsibly worldwide, and 
with a minimum of overlap, waste or excessive use of 
patient material. So why don’t we stop here? 

For example, do we really need a Third Internation- 
al Study of Infarct Survival (ISIS III) or a Global Uti- 
lization of Streptokinase and t-PA for Occluded Arter- 
ies (GUSTO) study, the current giants among the jum- 
bo trials, to prove whether recombinant tissue-type 
plasminogen activator (rt-PA) or streptokinase (SK) is 
better? Is it really necessary to subject >30,000 people 
to uncertainty and another informed consent (and the 
agonies of that decision, let alone the explanations by 
the investigator) when we know the outcome to be limit- 
ed in its information, if not irrelevant? For indeed those 
physicians who do not want to pay the higher price of 
rt-PA anyway (look at some national health care poli- 
cies in Europe, the diagnostic-related groups philosophy 
in America or some hospital pharmacy directives) will 
stay with SK. Then there are those, of whom there are 
many, who argue that under a number of specific indi- 
cations and circumstances (such as previous SK admin- 
istration, large infarcts with much tissue at issue, immi- 
nent shock, late arrival but viable tissue, impending 
surgical interventions, out-of-hospital utilization,’ etc., 
etc.), they will prescribe rt-PA anyway and will circum- 
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vent all of these restrictions, for they want the “best” 
for their patients. 

So the lesson we expect to be confirmed over the 
next 2 years, if the recent publication of the Sec- 
ond Gruppo Italiano per lo Studio della Streptochinasi 
nell’Infarcto Miocardio (GISSI)3* has not done this al- 
ready, is that the profession will have made its mind up 
well before the answers of these jumbo trials can have 
come in. There is nothing against the scientific ques- 
tions that are being asked in those studies, or against 
the notion that some jumbo trials are necessary. It is 
just that physicians (for better or worse) use other argu- 
ments than results from trials only. They have to act 
before all the facts are in or definitive battles between 
pharmaceutical houses are fought. Hence, should we 
not think of these giant trials like the junk bonds that 
are floating around on Wall Street these days in search 
of a new (unlikely) owner just as in a game of financial 
musical chairs? In short, do they really add to our fund 
of knowledge? 

As argued earlier in this editorial, there is a need for 
large-scale trials if, as Yusuf et al‘ state, “ . . . the iden- 
tification of effective treatment is likely to be more ‘im- 
portant’ if the disease to be studied is common than if it 
is rare, and studies of common conditions can be large,” 
and “...the identification of effective treatments for 
common diseases is likely to be more ‘important’ if the 
treatment is widely practicable than if it is so complex 
that it can be performed only in specialized centres, and 
treatment protocols for widely practical treatment can 
be simple...,” and as “... the study of the effects of 
treatments on major endpoints (e.g. death) is likely to 
be more ‘important’ than study of the effects on minor 
endpoints, and follow up protocols for the assessment 
only on major endpoints can often be simple....” 
These statements, per se, are correct but do not consti- 
tute a “raison d’étre,” let alone a dominant and exclu- 
sive position in the clinical trial world. 

Such large-scale trials, if they are to clarify the issue 
at hand, should be launched quickly and effectively if 
they are to be helpful. They lead us into the jungle, 
however, when they are used as Yusuf et al‘ state: “No 
matter what prognostic features are recorded at entry, 
the duration of survival, etc., among apparently similar 
patients is likely still to be rather unpredictable, so no 
great increase in statistical sensitivity is likely to be 
conferred by stratification and/or adjustment for such 
features. In other words, the reliability of the main 
treatment comparison is improved surprisingly little by 
adjustment for any initial imbalances in prognostic fea- 
tures, which suggests that entry protocols too can be 
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simple....” For, even if these statements were to be 
true, large-scale trials cannot solve most outstanding 
clinical issues on an individual patient basis. Nor can 
their statement be correct “that trials must be large to 
provide reliable answers” or the conclusion that “a 
number of important medical questions will be an- 
swered reliably in the next few years only if some ul- 
tra-simple, ultra-large, strictly randomized trials can 
be mounted....” We disagree, as these issues can 
sometimes better be resolved by other means, such as 
small, properly designed trials aimed at specific disease 
groups, disease stages or pathophysiologic questions 
(which can provide more specific and quicker answers), 
backed up by nonexperimental efficacy research. We 
propose, in fact, a juxtaposition of these approaches, in 
which the Jumbo trial is reserved for specific public 
health issues only. 

Nor is there much place for studies which, however 
exciting, do not provide sufficient statistical power to 
substantiate what might by itself be an exciting idea. A 
case in point is the recent article by Brown et al,° which, 
on the basis of 146 patients divided into 3 treatment 
groups of 52, 46 and 48, respectively, comes to the con- 
clusion that “in men with coronary artery disease who 
were at high risk for cardiovascular events, intensive lip- 
id-lowering therapy reduced the frequency of progres- 
sion of coronary lesions, increased the frequency of re- 
gression, and reduced the incidence of cardiovascular 
events.” The very placement of this article as a lead in 
the November 1990 New England Journal of Medicine 
suggests to the medical profession the opposite ap- 
proach. This is that a limited number of observations 
can be so convincing that one is induced to conclude 
that all evidence is in already. For example, it would 
have been more appropriate, despite these careful and 
exciting observations, to state in the discussion section 
that confirmation of the clinical benefit of these obser- 
vations was mandatory before clinicians could draw any 
conclusions as to the efficacy of this approach. This was 
not done; rather, the statement read that “clinical trials 
of treatment for coronary disease have typically enrolled 
several thousand patients for 5- to 10-year periods at 
costs that have often exceeded $100 million. By con- 
trast, this study, funded by the National Heart, Lung, 
and Blood Institute, cost less than $1 million. Conse- 
quently, we believe that large-scale clinical trials should 
be reserved for interventions that have been shown con- 
vincingly, in smaller trials in which arteriography is 
used, to retard the progression of arterial obstruction or 
to promote its regression.” 

Again, we would take the in-between position. Al- 
though we agree with Brown et al that “large-scale clin- 
ical trials should be reserved for interventions that have 
been shown convincingly, in smaller trials... ,” the evi- 
dence for such regression, or for that matter whatever 
intervention, should be substantiated considerably better 
before a recommendation for a large-scale trial can be 
made with pure clinical end points. After all, however 
exciting the initial trials for the possible regression or 
retardation of the development of atherosclerosis in the 
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coronary arteries may be, and however encouraging the 
progression of experimental evidence from animal mod- 
els, it is the intermediate-scale trial in which the role of 
quantitative arteriography should be given its maximal , 
opportunity. Although we agree with Brown et al that 
no clinical trial at great costs must be mounted until the 
underlying hypothesis is strong enough, we would side 
with Yusuf et al* that “the identification of effective 
treatments for common diseases is likely to be more im- 
portant, if the treatment is widely practicable, than if it 
is so complex that it can be performed only in special- 
ised centres....” 

In short, a “trident,” 3-level approach appears, as it 
always has been, the best solution to a given clinical 
problem. It is this approach that the practicing cardiolo- 
gist should insist on before changing his therapy: first, 
the original observation, anecdotal or observational in a 
limited series; then, the larger-scale, properly powered 
trial going for “surrogate” end points such as quantita- 
tive arteriography or ventricular function; and finally, 
ultimate substantiation by, if appropriate, the jumbo- 
sized trials advocated by Yusuf et al. 

In closing, we plea for 2 decisions: 

(1) Do not let another “Genie out again.” Let us 
recognize it: it takes 2 to tango, the clinician with his 
open “uncontrolled” observations, limited view but in- 
trinsic knowledge of the patient, and the epidemiologist 
with his “blinded” analysis, nonbiased manner and ade- 
quate numbers (“power”) of the proper patient groups. 
Neither can replace the other. Both contribute to the 
truth, but only in part. They are complementary. In be- 
tween lies the properly designed, numerically restricted 
trial to substantiate the underlying hypothesis. 

(2) Do not let the “numbers game” take over our 
individual responsibility to diagnose each patient, pa- 
tients whose ischemic situation will be changing from 
minute to minute. Ischemia is a cascade of events some- 
times requiring quite different interventions in quick 
succession. Remember how the profession and the sys- 
tem together have brought mortality in myocardial in- 
farction from >20% to <5% in just 10 years by first 
learning about the pathophysiology of the disorder. The 
essence of our cardiologic profession is at stake; we 
should not fumble. 
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Effects of Superoxide Dismutase on Reperfusion Arrhythmias and 
_Left Ventricular Function in Patients Undergoing Thrombolysis for 
Anterior Wall Acute Myocardial Infarction 
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eea free radicals have been implicated as 
important factors involved in the genesis of reperfu- 
sion injury. There is increasing evidence that a free radi- 
cal scavenger, superoxide dismutase (SOD), limits reper- 
fusion injury in animal experiments.!? We administered 
human recombinant SOD to patients with anterior wall 
acute myocardial infarction (AMI) at the time of throm- 
bolysis and investigated (1) if SOD can reduce reperfu- 
sion arrhythmias, and (2) if SOD has beneficial effects on 
left ventricular function in the chronic phase. 

We studied 34 consecutive patients with AMI treated 
by thrombolysis who fulfilled the inclusion criteria: no 
past history of myocardial infarction, chest pain of >20 
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TABLE I Patient Profile and Chronic Left Ventricular Function 


Time to 


Sex/Age (yrs) 
Control patients 


Mean 
+SD 


SOD patients 


Reperfusion (hr) 


minutes’ but <6 hours’ duration, electrocardiographic 
ST-segment elevation >1 mm in =2 contiguous anterior 
chest leads, age <75 years and angiographically proved 
occlusion of the proximal segment of the left anterior 
descending coronary artery even after intracoronary ni- 
trate injection. Patients were excluded if they refused to 
participate or if they had previously had a stroke or had 
a confirmed peptic ulcer during the previous 6 months, 
systolic systemic blood pressure >200 mm Hg, or a 
history of a bleeding disorder. Patients with cardiogenic 
shock were also excluded. 

After recognition of the obstruction in the infarct- 
related coronary artery, the patients were randomly allo- 
cated to SOD treatment or a control group. In SOD- 
treated patients, human recombinant SOD (Nippon 
Kayaku Co.) was given as a 3,500-U/kg bolus, followed 
by an infusion of 31,500 U/kg for the subsequent 2 hours. 
Immediately after beginning the SOD infusion, the pro- 
cedure of coronary thrombolysis by tissue plasminogen 
activator or urokinase was begun. In the control group, 


Regional Ejection Fraction (%) 


Anterolateral 


There were no significant differences between the 2 groups regardi , time to reperfusion, and regional ejecti i 
SD = standard deviation; SOD = superoxide asotsa. aien soea Sii seals ttl i, 
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thrombolysis was performed immediately after the 
study entry. As a rule, prophylactic use of antiarrhyth- 
P<0.05 mic drugs was prohibited before coronary reperfusion to 

(U-test) analyze the effects of SOD on reperfusion arrhythmias. — 
ina If necessary, 50 to 60 mg/hour of lidocaine was infused 
after thrombolysis (10 patients in the SOD group and 11 
in the control group were treated with lidocaine infusion 
at doses of 52.0 + 7.9 mg/hour and 55.5 + 5.2 mg/hour, 
respectively). 

Coronary recanalization was monitored by the 
EE Control (n=12) abrupt occurrence of arrhythmias,’ the progressive reso- 
C] sop (n=11) lution of ST-segment elevation or the abatement of chest 
pain, and was confirmed by subsequent angiography. 

A 2-channel continuous Holter recording was begun 
immediately after study entry and continued until 16 
hours after reperfusion. Ventricular premature com- 
plexes were counted manually on a complete recording 
printout, and we counted ventricular premature beats 
separately from those occurring during the runs of ven- ‘x 
tricular tachycardia. The term ventricular tachycardia | 
was used when =6 consecutive ventricular premature 
contractions occurred. 

Repeat cineangiography was performed 3 to 4 weeks 
after the onset of AMI. Regional ejection fractions were 
determined by the radial method‘ from left ventriculog- 
raphy performed at the 30° right anterior oblique view. 

Data are expressed as mean + standard deviation. 
The differences for patient profiles and left ventricular 
function were evaluated by the unpaired t test for com- 
parison between groups. Comparison of the frequency of 
ventricular premature complexes was analyzed by the U 
5 min Prereperfusion 15 min Postreperfusion test, with Wilcoxon’s method. The occurrence of ventric- 


ular tachycardia was compared by the chi-square meth- 
FIGURE 1. Total number of ventricular premature complexes od. 


(VPCs) during the period of 5 minutes before reperfusion 


Number of VPCs 








(Prereperfusion) and 15 minutes after reperfusion (Postreper- Of the 34 consecutive patients with anterior AMI 
fusion). NS = difference not significant; SOD = superoxide dis- receiving thrombolytic agents, 25 (12, SOD, 13, control) 
mutase. had coronary recanalization of Thrombolysis in Myo- 
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FIGURE 2. Total number of ventricular 
premature complexes (VPCs) per hour af- 
ter coronary reperfusion. Pre-Rep = be- 
fore reperfusion. SOD = superoxide dis- 
mutase. 
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cardial Infarction’ grade =2. One patient in the control 
group had reocclusion of the infarct-related artery and 1 
patient in the SOD group did not undergo repeat cinean- 
giography because of cerebral infarction. The remaining 
23 patients were analyzed. 

Baseline characteristics of the SOD-treated and con- 
trol groups were similar (Table I). No adverse reaction 
to SOD occurred. 

During the first 15 minutes after coronary reperfu- 
sion, the incidence of ventricular tachycardia tended to 
be lower in the SOD group than in the control group (27 
vs 58%, p = 0.14 by chi-square). The number of ventricu- 
lar premature complexes during 15 minutes after reper- 
fusion was significantly smaller in the SOD group than 
in the control group, although there was no difference in 
the counts of ventricular premature complexes during 
the 5 minutes before reperfusion (Figure 1). Ventricular 
fibrillation occurred in 1 control patient, and was con- 
verted to sinus rhythm with a defibrillator. The number 
of ventricular premature complexes per hour after re- 
perfusion tended to be lower in the SOD group than in 
the control group. The difference was significant between 
2 and 3,7 and 8, 9 and 10 and 10 and 11 hours after 
reperfusion (Figure 2). 

There was no difference in regional ejection fraction 
(anterolateral and apex) determined 3 to 4 weeks after 
the onset of AMI (Table I). 

The present study supports the view of Nejima et al? 
that an intravenous administration of SOD had beneficial 
effects on reperfusion arrhythmias but not on left ventric- 
ular function. The reduction of arrhythmias by SOD also 
suggests an important role of superoxide anions in the 
genesis of reperfusion arrhythmias. 

Failure to improve left ventricular function by treat- 
ment with SOD raises 2 possibilities. First, myocardial 


ee SSS 


cell injury during coronary reperfusion may be mediated 
not by superoxide anion but by other radical species, 
including hydrogen peroxide or hydroxyl radical.6 Sec- 
ond, it is possible that during the period before reperfu- 
sion, the infused SOD is not sufficiently delivered to the 
jeopardized myocardium because of a lack of adequate 
blood flow to that area. Our present study provides the 
basis for future randomized studies to establish the role of 
SOD as the therapeutic agent in patients undergoing 
thrombolysis. However, this is a pilot study to assess the 
hemodynamic effects and the overall feasibility of giving 
SOD in the human population. Further studies are need- 
ed to confirm the beneficial effects of SOD and to explore 
the possible adverse effects, if any. 
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Incidence and Presumed Etiology of Ventricular Fibrillation During 


Coronary Angioplasty 


Edmund Brennan, MD, Peter R. Mahrer, MD, and Vicken J. Aharonian, MD 


ae rricolar fibrillation (VF) is not an infrequent com- 
plication of percutaneous transluminal coronary an- 
gioplasty (PTCA).!? Similar to diagnostic coronary an- 
giography, it is readily treated by defibrillation and death 
rarely results. There appears to be no relation to the 
severity of coronary artery disease, and the cause is prob- 
ably partially related to the use of contrast agents. We 
analyzed in detail every case of VF occurring in 922 
consecutive PTCA procedures. 

The patient population comprised members of the 
Kaiser Permanente Health Plan in Southern California 
referred to the Regional Cardiac Catheterization Labo- 
ratory. For a PTCA to be considered, the following crite- 
ria were required: (1) angina that continued with ade- 
quate medical therapy, or ischemia demonstrated during 
exercise or thallium stress testing; and (2) diameter ste- 
nosis of >60% as measured by calipers in 2 orthogonal 
views. Single-vessel, multivessel and graft stenoses were 
treated. The patients’ electrocardiograms were contin- 
ually monitored. In patients with right coronary artery 
or dominant circumflex stenosis, a balloon-tipped pace- 
maker was advanced to the junction of the inferior vena 
cava and right atrium. The guiding catheter was used to 
perform angiography with 2 or 3 injections, which opti- 
mally demonstrated the lesion. Arterial pressure was 
continuously monitored from the tip of the guiding cath- 
eter, and if it differed from the previously recorded aor- 
tic pressure, the guide position was adjusted, or the 
guide was replaced by a different type, or one with side 
holes was used until an undamped pressure tracing was 
available. Immediately after the appropriate frames 
were Selected, the balloon wire assembly was advanced 
through the guide and the wire manipulated across the 
lesion. Most of the time the guide remained in the vessel 
orifice during balloon and wire introduction. The dura- 
tion of balloon inflation and the pressure was determined 
to attain an optimal angiographic appearance. Seventy- 
six percent of Hypaque® (diatrizoate sodium meglu- 
mine) was routinely used. Nonionic contrast was used 
only rarely in patients with ventricular impairment or 
ventricular irritability. VF occurred in 19 patients. The 
incidence of this arrhythmia was significantly higher (p 
= 0.00017) during PTCA of the right coronary artery (n 
= 14, 4%) than during PTCA of the left coronary artery 
(n = 5, 0.65%). In only 2 patients was the arrhythmia 
related to hemodynamic instability or prolonged isch- 
emia. In most events VF took place before the balloon 
was inflated. There was no difference in severity of steno- 


From the Regional Cardiac Catheterization Laboratory, Southern Cal- 
ifornia Permanente Medical Group, 1526 North Edgemont Avenue, 
Los Angeles, California 90027. Manuscript received September 24, 
1990; revised manuscript received December 10, 1990, and accepted 
December 12. 


sis between left and right coronary arteries. Ejection 
fraction was satisfactory in most patients. One patient 
died in whom PTCA was attempted as a salvage proce- 
dure in the presence of cardiogenic shock where VF was a 
terminal rhythm. Another patient had vessel occlusion 
and subsequently myocardial infarction. In the remain- 
ing patients the procedure was completed without fur- 
ther ventricular arrhythmia. 

VF is not an uncommon complication of coronary 
angioplasty. The incidence of VF was noted by Dorros et 
al! to be 1.6% in the report of the National Heart, Lung, 
and Blood Institute Registry series of 1,500 cases of coro- 
nary angioplasty. Bredlow et al? reported on the Emory 
experience in 3,500 patients in which 1.5% needed direct- 
current shock for ventricular arrhythmia. Ventricular ar- 
rhythmia occurred more often during PTCA of the right 
coronary artery. In Dorros’ series, 33% of the patients 
with VF had a major complication (coronary artery by- 
pass grafting, myocardial infarction or death), but in the 
Emory series only a small proportion required an inter- 
vention other than defibrillation. In our series, only 10% 
of the arrhythmias were due to occlusion of the vessel, 
whether by balloon or disruption, or to hemodynamic 
instability. Impaired left ventricular function was con- 
fined to that same group because in most patients the 
ejection fraction was normal. Thus, the usual cause of 
VF, as seen during acute coronary artery occlusion, plays 
only a minor part in the development of VF during angio- 
plasty. In seeking the mechanism of VF in most patients, 
one must examine the incidence of this arrhythmia dur- 
ing diagnostic angiography.5 Several large retrospective 
series have examined the incidence of VF during diagnos- 
tic studies. Nishimura et alf reported a 0.5% incidence, 
62% of which occurred during right coronary artery in- 
jections. They concluded that although VF can be caused 
by ischemia or mechanical complications, almost all VFs 
have been associated with contrast toxicity. Davis et al® 
reported an incidence of 0.6%, and Johnson et al’ report- 
ed an incidence of 0.56% of significant arrhythmia during 
coronary arteriography. Contrast material decreases the 
threshold for VF.8? Ischemia, slow prolonged injection, 
and injection through impacted catheters was noted to 
lower VF threshold disproportionately. The use of non- 
ionic contrast agents, agents with supplemental calcium 
added, and agents without calcium ion-sequestering sta- 
bilizing agents have been associated with a decreased risk 
of VF during coronary angiography.!°-!4 Murdock et al!5 
demonstrated in canine experiments that repolarization 
changes reliably preceded the occurrence of VF, changes 
that were all but eliminated by modification of the con- 
trast agent. The role of contrast agents in the genesis of 
VF is thus well established; however, 2 questions remain 


to be answered. First, why is the incidence of VF higher 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1991 769 


during PTCA than during diagnostic angiography, even 
when the obvious causes of vessel obstruction or ventricu- 
lar dysfunction are removed? Second, why is there a 
marked discrepancy in the incidence of right and left 
coronary artery injections? 

Occlusion by the guide or contrast injection into the 
sinus node artery plays only a small part—in our series 
only one case was associated with significant bradycar- 
dia. Answers to both questions are likely related to im- 
pairment of flow and stagnation of contrast in the vascu- 
lar bed. The guiding catheters are larger than the stan- 
dard 7Fr size used in diagnostic studies. Although we 
meticulously monitored pressures, this does not assure 
that adequate flow was present, particularly in cases in 
which side holes in the guide were necessary to attain a 
good pressure contour. Damping of pressures and the 
need for side holes is much less frequent during cannula- 
tion of the left main coronary artery. We believe that 
stagnation of contrast material in the vascular bed sup- 
plied by the right coronary artery is the major and largely 
avoidable cause of VF during angioplasty. 

The preventive procedures in avoiding this trouble- 
some complication are obvious, and we are currently 
gathering data to confirm the efficacy of reducing the 
rate of VF by removing the right guiding catheters from 
the orifice during wire and balloon introduction, by flush- 
ing the orifice with saline solution if the ostium is difficult 
to cannulate, or by using nonionic contrast during PTCA 
of the right coronary artery. 
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Comparison Between Ventricular Inhibited Pacing and Physiologic 


Pacing in Sick Sinus Syndrome 


Yasuyuki Sasaki, MD, Akiko Furihata, MD, Kazuhiro Suyama, MD, Yasutaka Furihata, MD, 
Seiichi Koike, MD, Takeshi Kobayashi, MD, Masahiro Shimotori, MD, 


Kunio Akahane, MD, and Seiichi Furuta, MD 


S ick sinus syndrome (SSS) causes not only infrequent 
cardiac dysfunction but also systemic complication, 
and pacemaker implantation has been applied to prevent 
such an episode. Several kinds of pacemakers have been 
available for clinical use. However, the selection of these 
pacemakers has been controversial depending on the se- 
verity and character of the conduction system impair- 
ment accompanying SSS. We have already reported the 
long-term follow-up results in patients with SSS who had 
not had a pacemaker or had implanted pacemakers of 
various modes.! In that report, we found that the ventric- 
ular inhibited paced (VVI) group had significantly more 
complications and a greater cardiothoracic ratio after 
pacing in the follow-up period than the physiologically 
paced groups. We concluded that the decision to use VVI 
pacing needed to be carefully assessed in patients with 
SSS, and that physiologic pacing is more highly recom- 
mended. However, the study population in that report 
was small and the follow-up period was short. In this 
article, we report the results of our further study with a 
larger population and longer follow-up. 

This time we selected and confined our study to the 
patients with SSS who received a permanent pacemaker. 
The physiologic groups consisted of 23 men and 18 wom- 
en (mean age 63 years, range 29 to 81); the VVI group 
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TABLE I Underlying Diseases 










Physiologic Group 
(n=41) 


VVI Group 
(n= 34) 











Systemic hypertension (%) 10 (24) 10(29) 



















Coronary artery disease (%) 2 (5) 5(15) 
Valvular heart disease (%) 2(5) 2 (6) 
Diphtheria (%) 5 (12) 0(0) 
Myocardial disease (%) 1(2) 0(0) 
Amyloidosis (%) 1(2) 2 (6) 
Diabetes mellitus (%) 2(5) 4(12) 
Thyroid disease (%) 1(2) 0(0) 
Familial (%) 0(0) 1(3) 
Persistent left superior 1(2) 0(0) 
vena cava (%) 
Progressive systemic 1(2) 0(0) 
sclerosis (%) 
Ebstein's disease (%) 1(2) 0(0) 
Wolff-Parkinson-White 
syndrome (%) 0(0) 1(3) 
Unknown (%) 16 (39) 14(41) 





WWI = ventricular inhibited paced. 


consisted of 15 men and 19 women (mean age 69 years, 
range 38 to 85). Patients in the VVI group were signifi- 
cantly older than those in the physiologic group (p 
<0.05). When both groups were classified according to 
Rubenstein’s criteria, the incidence especially of Ruben- 
stein’s type III arrhythmia was almost similar in both 
groups. The follow-up periods in the VVI group were 
significantly longer (39 months) than those in the physi- 
ologic group (62 months) (p <0.01). No statistically 
significant difference was noted in the underlying dis- 
eases of SSS between the physiologic and VVI groups 
(Table I). In both groups, the cardiothoracic ratio de- 
creased significantly shortly after implantation (dis- 
charge) (Figure 1). However, in the long follow-up peri- 
od, the cardiothoracic ratio of the VVI group increased 
significantly (p <0.05) and was greater than the ratio 
before operation. In fact, the cardiothoracic ratio tended 
not to increase in the physiologic group, and remained 
decreased (Figure 2). In both the VVI and physiologic 
groups, the pacemaker was operated all or at least most 
of the time, i.e., pacemaker-dependent. The atrial inhib- 
ited paced (AAI) mode was implanted in 17 of 41 pa- 
tients (41%) in the physiologic group. The maximal 
atrioventricular interval in dual chamber pacing (DDD) 
was chosen in each generator used. In all, a pacemaker 
system of atrial paced and ventricular sensed modes was 
operated in 28 patients. Because a pacing spike-ORS 
interval is considered one of the parameters of atrioven- 





FIGURE 1. Temporal changes in cardiothoracic ratio (CTR) in 
physiologic and VVI pacing groups. 
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TABLE Il Complications and Clinical Outcome After Pacing 
in Both Groups 


Physiologic Group VVI group 
(n=41) (n = 34) p Value 


Atrial fibrillation Z 












Paroxysmal 6 

Chronic 1 14 <0.01 
Thromboembolism 1 9 <0.01 
Congestive heart failure 1 7 NS 
Cardiac death 0 8 <0.01 

Congestive heart failure 0 3 NS 

Thromboembolism (0) 5 <0.05 


NS = not significant; other abbreviations as in Table | 


tricular conduction, these 28 patients were examined 
annually for this interval (Figure 2). Significant increase 
of spike-QRS interval was not found over a follow-up 
period of 6 years. However, there were new developments 
in first and second atrioventricular block in 2 patients 
receiving the AAI mode 1 and 2 years after implantation, 
respectively. The atrioventricular block in these 2 pa- 
tients was transient and they did not need to have the 
pacing mode changed. The VVI group had atrial fibrilla- 
tion more frequently than the physiologic group (44 vs 
17%, p <0.05), especially chronic in character (41 vs 2%, 
p <0.01) (Table II). Thromboembolism occurred more 
frequently in the VVI group than in the physiologic 
group (26 vs 2%, p <0.01); however, the incidence of 
heart failure was similar in both groups. Five deaths in 
the physiologic and 12 in the VVI group occurred during 
the follow-up period. No death was from cardiac causes 
in the physiologic group, 8 deaths in the VVI group were 
of cardiac origin. This difference was statistically signif- 
icant (p <0.01). The causes of cardiac death were con- 
gestive heart failure and fatal thromboembolism, proba- 
bly caused by atrial fibrillation. Thromboembolism oc- 
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curred significantly more frequently in the VVI group 
than in the physiologic group (p <0.05). Figure 3 (over- 
all survival rate) shows that the physiologic group had 
excellent prognosis, with a survival rate >4.8 to 7 years, 
which was statistically better than that in the VVI group 
(p <0.05). When the causes of death were confined ex- 
clusively to cardiac origin, the survival rate was much 
more excellent in the physiologic than in VVI group for 
3.2 to 7 years of follow-up, with statistical significance 
at p <0.01 (Figure 4). 

Considering the natural history of unpaced SSS, the 
development of atrioventricular block and atrial tachyar- 
rhythmia, especially of atrial fibrillation during the clini- 
cal course, has been well known. With regard to perma- 
nent pacing for patients with SSS, the pacing modes 
should be selected based on what influence the pacing 
mode has on the incidence of atrioventricular block, atrial 
tachyarrhythmia, systemic thromboembolism, congestive 
heart failure, and eventually on the mortality rate after 
long-term follow-up. In a recent detailed review of pub- 
lished reports, Sutton and Kenny? reported that the prev- 
alence of second-degree or greater atrioventricular block 
in patients with SSS who received AAI pacemakers was 
8% (mean follow-up time 34 months). Kallryd et al? also 
described a 6% incidence for a mean follow-up of 26 
months. In our study, the incidence of atrioventricular 
block was 11% (2 of 17) in patients with AAI pacing. 
However, when we analyzed the 28 patients whose pacing 
mode was atrial-paced and ventricular-sensed including 
those with DDD pacing, it was 7% (2 of 28). There were 
no atrioventricular conduction abnormalities in these 2 
patients as assessed by the PQ interval, Wenckebach rate 
<120 beats/min, prolongation of AH and HV intervals, 
and bundle branch block evaluated by preimplantation 
Holter recording and electrophysiologic study. If detailed 
preimplantation examinations including electrophysio- 
logic study could be performed, we might not need to 


FIGURE 2. Serial changes in spike-QRS 
intervals and cardiothoracic ratio in physi- 


ologic pacing groups. 


worry about the impending atrioventricular block during 
the follow-up time, even with use of AAI pacing. How- 
ever, we have not had parameters sufficient enough to 
_ presume impending atrioventricular block. There is no 
exact way to know who will develop future atrioventricu- 
lar blocks, except to do careful follow-up of patients re- 
ceiving the AAI pacemaker. Because atrial fibrillation 
occurring in the follow-up period can lead to complica- 
tions such as systemic thromboembolism, enlargement of 
cardiothoracic ratio and even congestive heart failure, its 
clinical development must be prevented. Sutton and Ken- 
ny? reported that the incidence of atrial fibrillation occur- 
ring in patients receiving AAI pacing was 3.9% (16 of 
410) (mean follow-up time 32.8 months), significantly 
less (22% [145 of 651]) than the incidence in VVI-paced 
patients. Markewitz et al* also reported the high inci- 





dence of atrial fibrillation in the VVI-paced group after 5 
years of follow-up (55 vs 11%). Our data are in line with 
theirs. Chronic atrial fibrillation occurred in 41% of pa- 
tients receiving VVI pacing and in only 2% of those with 
physiologic pacemakers. Because the administration of 
antiarrhythmic drugs could not prevent this higher inci- 
dence of atrial fibrillation in the VVI-treated group, the 
choice of the VVI pacing mode should be carefully made. 
Sutton further reported that the incidence of thromboem- 
bolism was 1.6% (5 of 321) in patients receiving AAI, 
which was significantly less (13% [69 of 532]) than that 
in the VVI patients (p <0.001). In contrast, Rosenqvist et 
al’ did not find any significant difference in the frequency 
of this complication between pacing modes. In our series, 
the VVI group had significantly more thromboembolism 
than did the physiologic group (26 vs 2%, p <0.01). 


Survival rate(%) » p 
100 


FIGURE 3. Overall survival rate in physio- 
logic and VVI pacing groups. Survival rate 
was better in the physiologic than in VVI 
group in follow-up period of 4.8 to 7 
years. 


FIGURE 4. Survival rate of cardiac deaths 
in physiologic and VVI pacing groups. Ex- 
cellent prognosis in the physiologic group 
was demonstrated. 
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O V: VVI group 
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There are a few comparative long-term follow-up re- 
ports dealing with survival rate after pacing. Alpert et al® 
described that patients with SSS who had had congestive 
heart failure and an implanted DDD pacemaker had 
significantly excellent prognosis. Rosenqvist> reported a 
higher overall mortality rate in the VVI than in the AAI 
group (23 vs 8%, p <0.05). Sutton and Kenny? pointed 
out, in reviewing published reports, that it would still be 
too early to assess the possible benefit in the physiologic 
pacing system, and added that VVI pacing probably 
would not reduce mortality. In our study, the physiologic 
pacing groups had an excellent survival rate compared 
with the VVI pacing group. To answer the question asked 
by Sutton, a much more comparative long-term study 
between physiologic and VVI pacing in a larger popula- 
tion is needed. 
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Variability of the QT Measurement in Healthy Men, with Implications 
for Selection of an Abnormal QT Value to Predict Drug Toxicity and 


Proarrhythmia 


Joel Morganroth, MD, Frank V. Brozovich, MD, PhD, 


T orsades de pointes is the form of polymorphic ventric- 
ular tachycardia associated with prolongation of the 
QT interval that can occur as a proarrhythmic adverse 
response to a variety of drug treatments. !? However, the 
degree of QT prolongation at rest*+ or during exercise? is 
not necessarily a good predictor of the occurrence of 
torsades de pointes. Prolongation of the QT interval dura- 
tion is seen during therapy with many different types of 
drugs including class IA antiarrhythmic agents as well 
as ketanserin, amiodarone, bepridil, sotalol, antidepres- 
sants, phenothiazines, erythromycin, antihistamines and 
liquid protein diets. Quinidine is the drug most frequently 
implicated in this syndrome with a calculated incidence 
of 1 to 8%.* However, plasma drug level, absolute QT 
interval prolongation and the absolute QT, have not been 
found to be very good predictors of the development of 
torsades de pointes.*+ 

Data on the spontaneous variability of the QT interval 
over time in normal subjects have not been established. 
Thus, we determined the magnitude of spontaneous QT 
interval variability over just 1 day using ambulatory long- 
term electrocardiographic (Holter) monitoring. Knowl- 
edge of normal variability of the QT interval is important 
in that prolongation of the QT interval during drug thera- 
py is considered to be a risk factor for the development of 
a potential proarrhythmic effect. However, knowledge of 
the daily spontaneous variability of the QT interval 
makes it possible to determine the magnitude of QT in- 
terval prolongation, which is clinically important with 
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respect to its potential as a marker for risk of proar- 
rhythmia. 

Twenty healthy men (mean age + standard deviation 
40 + 8 years [range 25 to 53]) were studied. All subjects 
had a normal history, physical examination, resting 
electrocardiogram, normal exercise treadmill test and 
normal echocardiogram. No subjects were taking drug 
therapy. We chose this group of volunteers to be more 
similar in age to patients seen in the usual adult cardiol- 
ogy practice who might be treated with drugs. 

Subjects were studied in an inpatient unit to ensure a 
controlled stable state. The patients underwent 24 hours 
of Holter monitoring with an Avionics recorder (Delmar 
Avionics Corp., Irvine, California) with a reel-to-reel 
recorder that monitored leads V; and Vs. The QT inter- 
val of lead Vs was measured 3 times per hour when the 
heart rate was <100 beats/min by a digitization proce- 
dure (Jandel’s Sigma Scan software, Sunnyvale, Cali- 
fornia). This yielded 870 separate QT interval measure- 
ments. The QT. was subsequently computed using Ba- 
zett’s formula.® Clinical judgment was used to define the 
junction between the T and U waves. 

Statistical analysis was performed using at test with 
significance at p <0.05. All values given in the text are 
mean + standard deviation. 


TABLE I QT. Variability Over 24 Hours of Holter Monitoring 


Range of RR 
Intervals (ms) 


SD 
(ms) 


No. of 
Intervals 


Average QT. 
(ms) 
401 


407 
403 


Time Segment 


552-1,284 
597-1,328 
670-1,451 


8a.m.—4 p.m. 
4p.m.—12a.m. 
12a.m.-8 a.m. 


SD = standard deviation. 
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In this group of normal men, the QT, averaged 404 + 
34 ms (n = 870; QT = 368 + 41 ms, RR = 840 + 161 
ms). When the day was divided into three 8-hour seg- 
ments, the average calculated QT, varied by 6 ms (Table 
I). The average pooled QT, was relatively constant over 
the day and was not greatly influenced by circadian 
rhythm. 

For individual subjects, the QT. showed a large de- 
gree of daily variability (p <0.05); the QT, varied over 
the 24 hours of Holter monitoring by an average of 76 + 
19 ms (range 35 to 108 ms, Table IT). This large magni- 
tude of QT, variability was present during each of the 
three 8-hour segments of the 24-hour Holter monitoring 
period, indicating that the QT, varied by a large magni- 
tude not only over the entire day, but also throughout 
each of the 8-hour segments of the day. In individual 
subjects, the QT. changed from normal (<440 ms) to 
abnormal (2440 ms) in 11 of the 20 subjects (55%), and 
exceeded 500 ms in 1 of the 20 subjects (5%) (Table II). 

The subjects were then subdivided into groups. First, 
subjects with QT,s that varied by <76 ms were com- 
pared with subjects whose QT,s varied by =76 ms. Five 
(56%) of the 9 subjects with QT, variability less than the 
average (76 ms) had 21 QT, abnormal value (2440 
ms), compared with 6 of the 11 patients (55%) with 
greater than average QT, variability (difference not sig- 
nificant). Next, the subjects (n = 9) whose QT. values 
varied only within the normal range (<440 ms) were 
compared with those who had =1 abnormal QT, value 
(n= 11). The QT, varied by 73.4 + 18.3 ms in patients in 
whom all measured values of the QT, were normal com- 
pared with those with 21 abnormal QT, in which the 
QT. varied by 77.3 + 20.8 ms (difference not signifi- 
cant). Thus, prolongation of the QT, to abnormal values 
(2440 ms) and the absolute magnitude of the variability 
in the QT. were independent of one another in these 
normal men. 

This study using ambulatory Holter monitoring as a 
surrogate of the supine resting electrocardiogram demon- 
strates that in normal men the QT, has a high degree of 
spontaneous variability even over a single day under sta- 
ble conditions, and the magnitude of that variability was 
76 + 19 ms. In these normal subjects, 55% had QT, 
values >440 ms and 5% had QT, values >500 ms over a 
24-hour period. 

The normal QT, is often stated to be <440 ms.78 
However, strong evidence that the upper limit of normal 
QT, is 440 ms does not exist. Originally this range was 
supported by only 3 references, 2 of which were studies in 
children.’ Reviewing a 1,300 electrocardiographic data 
base of healthy subjects, it was found that the normal 
QT, ranged from 463 to 506 ms,° which is similar to the 
range of QT intervals (336 to 487 ms) reported in 50 
normal subjects by Mirvis.'° In agreement with our re- 
sults, these studies demonstrate that the normal QT, is 
highly variable. 

Several studies have found that the development of 
the torsades de pointes form of ventricular tachycardia is 
most frequently seen after a postectopic or post-tachycar- 
dic compensatory pause! and some investigators+ have 
suggested that a risk of a torsades de pointes increases 
greatly when the QT interval increases >500 to 550 ms. 


TABLE II QT. Variability for Individual Subjects 


Subject Age 
No. (yr) 


QT. Variability* QT.>440 msect 
(ms) (%) 


91 
93 
86 
66 
61 
76 
56 
84 
63 
74 
35 
77 
62 


g 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


rn 
an 


100 
86 


b opi p o an 
NOOR WP 


82 
42 
68 
76419 
* Defined as longest QT.—shortest QT- measured in each subject. 
t Defined as the number of abnormal QT, values/total number of measured QT. 


values measured in each subject. 
t Subject no. 8 had 3 QT. values >500 ms. 





Kay et al'! reported on 32 patients who developed tor- 
sades de pointes as a result of antiarrhythmic therapy; 
before initiating therapy, 88% of these patients had a QT, 
>440 ms and 9% had a QT, >500 ms on baseline electro- 
cardiogram. These findings are similar to results from our 
study of normal persons. We may expect that at baseline, 
QT.: values would exceed 500 ms in 5% of the patients and 
the QT. values would be =440 ms in 55% of patients. Kay 
et al'! reported that, after quinidine therapy, the QT, was 
abnormal (2440 ms) in 100% of the patients, the QT, 
exceeded 500 ms in 84% of the patients and the average 
QT, increased by 131 ms (from 463 + 59 to 594 + 84 
ms). This is in general agreement with the results report- 
ed by others!-!? and consistent with our recommenda- 
tions. Namely, we suggest that for a clinically important 
marker of a proarrhythmic drug effect that could lead to 
polymorphic ventricular tachycardia, syncope or sudden 
death rather than just a QT, >440 ms, a clinically signifi- 
cant change in the QT. occurs when >5% of treated 
subjects have QT, values >500 ms or when an individual 
patient has a change in the QT. of >75 ms. 
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Prevalence and Severity of Valvular Aortic Stenosis Determined 

by Doppler Echocardiography and Its Association with 
Echocardiographic and Electrocardiographic Left Ventricular 
Hypertrophy and Physical Signs of Aortic Stenosis in Elderly Patients 


Wilbert S. Aronow, MD, and Itzhak Kronzon, MD 


sehen deposits in the aortic valve are common in 
elderly persons and may lead to valvular aortic steno- 
sis (AS).!-3 We performed a prospective study to deter- 
mine the prevalence and severity of valvular AS by Dopp- 
ler echocardiography and its association with echocardio- 
graphic and electrocardiographic left ventricular (LV) 
hypertrophy and with physical signs of AS in unselected 
elderly patients in a long-term health care facility. 

M-mode and 2-dimensional echocardiograms and 
continuous-wave Doppler recordings for determining the 
prevalence and severity of AS were obtained as previous- 
ly described. M-mode and 2-dimensional echocardio- 
grams for measuring LV transverse dimension, posterior 
wall thickness, and interventricular septal thickness at 
end diastole using the Penn convention? to determine LV 
mass were obtained as previously described.° Electrocar- 
diograms to determine the presence of LV hypertrophy 
were also obtained. Technically adequate recordings 
for determining the prevalence and severity of AS and 
its association with echocardiographic LV hypertrophy 
were obtained in 781 of 964 patients (81%). 

The 781 patients included 558 women and 223 men 
(mean age + standard deviation 82 + 8 years, range 62 
to 100). All patients underwent a cardiovascular exami- 
nation performed by a cardiologist before interpretation 
of the echocardiograms and Doppler recordings. A sys- 
tolic ejection murmur heard in the second right intercos- 
tal space, down the left sternal border toward or at the 
apex was classified as aortic systolic ejection murmur. 

The peak transvalvular gradient was determined by 
using the simplified Bernoulli equation: A P = 4V’, 
where A P = peak pressure gradient and V = peak 
transvalvular flow velocity. Peak flow velocity across the 
aortic valve <1.5 m/s was defined as normal (no gradi- 
ent). Peak aortic flow velocity 1.6 to 2.5 m/s (peak gradi- 
ent 10 to 25 mm Hg) was defined as mild AS. Peak 
aortic flow velocity 2.6 to 3.5 m/s (peak gradient 26 to 49 
mm Hg) was defined as moderate AS. Peak aortic flow 
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velocity 23.6 m/s (peak gradient 250 mm Hg) was 
defined as severe AS. 

The formula’? to determine LV mass was LV mass 
(g) = 1.04 [(LV diastolic dimension + posterior wall 
thickness + interventricular wall thickness during dias- 
tole)? — (LV diastolic dimension)*] — 13.6. LV hypertro- 
phy was diagnosed if the LV mass exceeded 110 g/m? in 
women and 134 g/m? in men.’ All echocardiograms and 
Doppler echocardiograms were interpreted by an echo- 
cardiographer (I.K.). 

Electrocardiograms were interpreted by a cardiolo- 
gist before interpretation of the echocardiograms. Elec- 
trocardiographic LV hypertrophy was diagnosed if the 
point score of Romhilt and Estes was 25.8 Chi-square 
analysis was used to analyze data. 

Congestive heart failure, syncope or angina pectoris 
was present in 18 of 74 patients (24%) with mild AS, 
in 30 of 49 patients (61%) with moderate AS, and in 
17 of 19 patients (89%) with severe AS. Table I lists 
the prevalence of echocardiographic and electrocardio- 
graphic LV hypertrophy in patients with mild, moderate 
and severe AS, and levels of statistical significance. 

An aortic systolic ejection murmur was heard in 19 
of 19 patients (100%) with severe AS, in 49 of 49 pa- 
tients (100%) with moderate AS and in 70 of 74 patients 
(95%) with mild AS. The intensity of the aortic systolic 
ejection murmur, maximal location of the aortic systol- 
ic ejection murmur, transmission of the aortic systolic 
ejection murmur to the right carotid artery, and presence 
of an aortic ejection click did not differentiate between 


TABLE I Prevalence of Echocardiographic and 
Electrocardiographic Left Ventricular Hypertrophy in Patients 
with Mild, Moderate and Severe Valvular Aortic Stenosis 


Left Ventricular Hypertrophy 


By Echo. By Electro. 


No. of 
Pts. (%) 


Severity of No. of 
AS ; Pts. (%) 


Mild AS 
Moderate AS 
Severe AS 


55 (74)* 
47 (96)* 
19(100)t 


8(11) 
15 (31) 
11 (58) 


* p <0.001; ' p <0.005. 
AS = aortic stenosis; Echo. = echocardiography; Electro. = electrocardiography. 


mild, moderate and severe AS. Table II lists the preva- 
lence of other physical signs of AS and levels of statisti- 
cal significance in patients with mild, moderate and se- 
vere AS. No physical sign of AS differentiated between 
severe and moderate AS. 

Continuous-wave Doppler recordings correlate well 
with direct pressure gradient measurements derived from 
cardiac catheterization in patients with AS.2-!? Aortic 
valve area can be calculated by the continuity equation 
using pulsed Doppler echocardiography to evaluate LV 
outflow tract velocity, continuous-wave Doppler echocar- 
diography to evaluate transvalvular flow velocity, and 2- 
dimensional long-axis view to measure LV outflow tract 
area.'? This method was not always feasible in our elderly 
population. However, peak aortic flow velocities =3.6 m/ 
s are almost always associated with severe AS, whereas 
low peak aortic flow velocities are almost always indica- 
tive of mild AS.'! However, in some patients, severe AS 
may lead to a significant reduction of cardiac output and 
decrease in transvalvular gradient, or high transvalvular 
flow may create a high gradient in the absence of severe 
AS. This is a limitation of our study. 

The results from our study showed that the prevalence 
of AS was 18%. The prevalence of severe AS was 2%, 
moderate AS 6% and mild AS 10%. Echocardiography 
was more sensitive than electrocardiography in detecting 
LV hypertrophy in our patients with AS. 

The intensity and maximal location of the aortic sys- 
tolic ejection murmur, transmission of the aortic systolic 
ejection murmur to the right carotid artery, and presence 
of an aortic ejection click did not differentiate between 
mild, moderate and severe AS. Prolonged duration of the 
aortic systolic ejection murmur, late peaking of the aortic 
systolic ejection murmur, prolonged carotid upstroke 
time, absent aortic second sound, and decreased or absent 
aortic second sound occurred more frequently in patients 
with severe or moderate AS than in patients with mild 
AS; but, these physical signs did not distinguish between 
severe and moderate AS. 
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TABLE Il Correlation of Physical Signs of Valvular Aortic 
Stenosis with the Severity of Aortic Stenosis 


Severity of Aortic Stenosis 


Mild Moderate Severe 


No. (%) 


2/70 (3) 
2/70 (3) 
2/74 (3) 


No. (%) 


31/49 (63) 
31/49 (63) 
16/49 (33) 


No. (%) 


16/19 (84) 
16/19 (84) 
10/19 (53) 


Physical Sign 


Prolonged duration ASEM* 

Late peaking ASEM* 

Prolonged carotid 
upstroke time* 

A2 absentt 

A2 decreased or absent* 


0/74 (0) 5/49 (10) 
4/74(5) 24/49 (49) 


A2 = aortic second sound; ASEM = aortic systolic ejection murmur. 

* p <0.001 comparing severe and moderate aortic stenosis with mild aortic steno- 
sis. 

1 p <0.005 comparing severe and moderate aortic stenosis with mild aortic steno- 
sis. 
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Mitral Regurgitation During B Bump of the Mitral Valve Studied by 


Doppler Echocardiography 


Yutaka Otsuji, MD, Hitoshi Toda, MD, Toshiro Ishigami, MD, Souki Lee, MD, Hideki Okino, MD, 
Shinichi Minagoe, MD, Shoichiro Nakao, MD, Hiromitsu Tanaka, MD 


-bump formation of the mitral valve, a plateau be- 
tween the A and C points on the mitral valve M- 
mode echocardiogram, suggests a high left ventricular 
end-diastolic pressure.! However, what kind of mitral 
flow occurs during the B bump is not clear. We used 
Doppler echocardiography to assess whether mitral re- 
gurgitation (MR) occurs during the mitral valve B bump. 
Subjects comprised 22 patients, 13 men and 9 women 
aged 24 to 82 years (mean 64), with a B bump on the 
mitral valve M-mode echocardiogram. Underlying heart 
diseases were dilated cardiomyopathy in 9, prior myo- 
cardial infarction in 9, hypertensive heart disease in 2, 
hypertrophic cardiomyopathy in 1 and severe MR due to 
chordal rupture in 1. 
The severity of congestive heart failure was de- 
termined according to New York Heart Association 
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TABLE I Patient Profiles 


Group A (n = 18) 
24F DC 
DC 
DC 
DC 
DC 
DC 


71M 

43M 

Group B (n = 4) 
47M DC 
51F DC 
51M DC 
64F 


(NYHA) functional class. The cardiothoracic ratio 
was calculated. M-mode, 2-dimensional and Doppler 
echocardiography were performed with a commercially 
available instrument (Toshiba SSH 65A). Left ventricu- 
lar diastolic dimension, left ventricular systolic dimen- 
sion and left atrial dimension were measured, and the 
percent fractional shortening of the left ventricle was 
calculated. 

The PQ interval was measured. The P to B bump 
interval was also measured, i.e., the interval from 
the onset of the P wave of the electrocardiogram to 
the onset of the B bump on the mitral valve M-mode 
echocardiogram. 

Mitral inflow velocity was recorded from the apical 
4-chamber view by pulsed-wave Doppler echocardiogra- 
phy, with the sample volume just behind the mitral valve 
cusps in the left atrium. Special attention was paid to the 
presence of any backward flow coinciding with the B 
bump, and the velocity of any backward flow detected 
was measured. Peak mitral inflow velocities during early 
diastole (E velocity) and during atrial systole (A veloci- 
ty) were measured and the A/E ratio was calculated. 


A = peak mitral flow velocity during atrial systole; BMR = mitral regurgitation during mitral valve B bump; CTR = cardiothoracic ratio; DC = dilated cardiomyopathy; DX = 
diagnosis; E = early diastolic peak mitral flow velocity; HC = hypertrophic cardiomyopathy; HHD = hypertensive heart disease; LAD = left atrial dimension; LD = late diastole; LVDd 
= left ventricular diastolic dimension; LVDs = left ventricular systolic dimension; MI = prior myocardial infarction; MR = mitral regurgitation; NYHA = New York Heart Association 
functional class; PEP = preejection period; SMR = systolic mitral regurgitation. 
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Using a parasternal long-axis or apical view, a 2- 
dimensional color Doppler echocardiogram was record- 
ed. Color red signals indicate “toward” flow and color 
blue signals indicate “away” flow. This 2-dimensional 
color Doppler echocardiogram was used to determine 
the presence of any blue signals behind the mitral valve 
coinciding with the B bump, or how far the blue signals 
progressed from the mitral valve orifice. An M-mode 
color Doppler echocardiogram was also recorded by 
placing the cursor on the mitral valve cusps. Special 
attention was paid to the detection of any blue signal 
behind the mitral valve coinciding with the B bump. We 
also used a 2-dimensional color Doppler echocardio- 
gram for the detection of systolic MR. The severity of 
systolic MR was judged from the length of the systolic 
MR Doppler signal from the mitral valve orifice.’ 

All results are given as the mean + standard devi- 
ation. Differences between measurements were deter- 
mined by a 2-tailed Student's t test. A p value <0.05 was 
considered statistically significant. 





FIGURE 1. M-mode color Doppler echocardiographic detec- 
tion of mitral regurgitation (white arrows) coincident with the 
B bump of the mitral valve. Mitral regurgitation is demon- 
strated as blue signals (white arrows) behind the mitral valve 
that coincide with the B bump. 





WeLinit * 


FIGURE 2. Mitral regurgitation (white arrow) coincident with 
the B bump of the mitral valve on a 2-dimensional color Dopp- 
ler echocardiogram. Blue signals (white arrow) suggest regur- 
gitant mitral flow because they are observed to travel from the 
mitral valve orifice into the left atrium (LA). LV = left ven- 
tricle. 


Table I summarizes data for each patient. In 18 
(group A) of the 22 patients (82%), blue signals behind 
the mitral valve, coinciding with the B bump, were ob- 
served on the M-mode color Doppler echocardiogram 
(Figure 1). In the other 4 patients (group B), the signal 
was not observed. On the 2-dimensional color Doppler 
echocardiogram, the blue signal was observed extending 
from the mitral valve orifice into the left atrium in all 18 
patients (Figure 2). The length of this signal ranged 
from 0.7 to 1.8 cm (mean 1.3 + 0.3 cm). 

Pulsed-wave Doppler echocardiogram obtained from 
just behind the mitral valve cusps showed backward flow 
coincident with the B bump in 15 of the 22 patients (68%) 
(Figure 3), and its flow velocity ranged from 18 to 61 
cm/s (mean 33 + 10 cm/s). 

The PQ interval ranged from 0.17 to 0.32 second. The 
P to B-bump interval ranged from 0.17 to 0.25 second. 
Consequently, 19 patients had a PQ interval within 0.20 
second or a P to B-bump interval within 0.20 second. In 
17 of the 19 patients, the blue signals were observed 
behind the mitral valve during the B bump. The PQ 
intervals were longer than the P to B-bump intervals in 
11 of the 18 group A patients (Table I). 

There were no significant differences in age, cardio- 
thoracic ratio, left ventricular diastolic or systolic di- 
mension and percent fractional shortening of the left 
ventricle between groups A and B. NYHA functional 
class tended to be less severe in group A than in group B 
patients. The left atrial dimension in group A (42 + 8 
mm) was significantly smaller than that in group B (55 
+ ] mm, p <0.01). The E velocity was not significantly 
different between the 2 groups, but the A velocity in 
group A (43 + 15 cm/s) was significantly larger than 
that in group B (22 + 4 cm/s, p <0.05). The AJE ratio for 
group A (0.85 + 0.31) was significantly larger than that 
for group B (0.33 + 0.08, p <0.01). Systolic MR was 
detected in all subjects by 2-dimensional color Doppler 
echocardiography. In group A, the severity of systolic 
MR was grade I (mild) in 11 patients, grade II (mild to 
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FIGURE 3. Pulsed-wave Doppler echocardiographic detection 
of mitral regurgitation (white arrows) coinciding with the B- 
bump formation of the mitral valve on the M-mode echocar- 
diogram. Backward flows (white arrows) are shown to coin- 
cide with the mitral valve B bump. 
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moderate) in 5, grade ITI (moderate to severe) in 1 and 
grade IV (severe) in 1. In contrast, it was grade II in 1 
and grade III in 3 patients in group B. 

In the present study, blue signals behind the mitral 
valve were observed to coincide with the mitral valve B 
bump in most of the patients on M-mode or 2-dimension- 
al color Doppler echocardiography. These blue signals 
represent flow away from the mitral valve orifice into the 
left atrium, thus indicating MR during B bump of the 
mitral valve. 

MR coinciding with the B bump was observed during 
the preejection period in all 18 group A patients. In 11 of 
these, MR was also observed during late diastole. B bump 
is observed before the C point on the mitral valve M- 
mode echocardiogram.! Therefore, the preejection peri- 
od, during which MR occurs, may not include the late 
portion of the preejection period, i.e., the interval from 
mitral valve closure to aortic valve opening. 

Several kinds of atypical diastolic MR have been 
found in patients with atrioventricular block,>> aortic 
regurgitation,°-* hypertrophic cardiomyopathy,’ severe 
MR- and atrial septal defect.!° The MR studied herein 
was not associated with these aforementioned conditions 
in most of the patients. Therefore, MR during B bump is 
apparently different from those atypical diastolic MRs 
reported up to the present. This study indicates that B 
bump of the mitral valve is a new condition associated 
with MR. 

MR coinciding with the B bump is unique because the 
mitral valve remains open during the regurgitation.' As 
to why the mitral valve remains open while blood flows 
from the left ventricle into the left atrium—we suggest 
that the pressure gradient between the ventricle and atri- 
um is very small, sufficient for MR but not large enough 
for mitral valve closure. 

The Doppler signals of MR during the B bump on the 
2-dimensional color Doppler echocardiogram were local- 
ized near the mitral valve orifice in the left atrium and its 
flow velocity was generally low. Therefore, the regurgi- 
tant flow volume is smal! and its hemodynamic influence 
may be little. 

Sensitivity of pulsed-wave Doppler echocardiography 
for detecting MR during the B bump was lower than that 
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of M-mode or 2-dimensional color Doppler echocardiog- 
raphy. This difference was probably due to technical 
factors. 

NYHA functional classes of congestive heart failure 
and systolic MR tended to be severer in group B than 
group A patients. The left atrial dimension was signifi- 
cantly larger and the mitral inflow A velocity significant- 
ly less in group B patients. The lower A velocity in group 
B patients may imply a stiffer left ventricle, probably 
exceeding the left atrial ability to empty normally in late 
diastole.'! In group B patients, MR during mitral valve B 
bump may not occur, presumably because reversed pres- 
sure gradient cannot take place because of a higher left 
atrial pressure. 

In conclusion, mitral regurgitation may occur fre- 
quently during the mitral valve B bump. 
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Aortic Aneurysm in Patients with Functionally Normal or Minimally 


_ Stenotic Bicuspid Aortic Valve 


Roman T. Pachulski, MD, Anthony L. Weinberg, MB, and Kwan-Leung Chan, MD 


B icuspid aortic valve (BAV) is the most common form 
of congenital valvular disease, with a prevalence of 
approximately 1 to 2% in the general population.! Aortic 
coarctation is often associated with BAV.! A recent edi- 
torial by Lindsay? has drawn attention once again to the 
concept that BAV and aortic coarctation may be mani- 
festations of a single developmental anomaly—namely, 
aortic medial fragility. This idea was initially proposed by 
Abbot? in 1928, revived by McKusick* in 1972, and sup- 
ported by circumstantial evidence referred to by Lindsay 
in his editorial. To prove that aortic medial fragility un- 
derlies BAV and aortic coarctation, one must demon- 
strate the presence of a pathologic or clinical correlate of 
aortic medial fragility in patients with the index condi- 
tions. The proposed pathologic correlate, cystic medial 
necrosis, is nonspecific. The clinical correlates of aortic 
medial fragility include aortic dilatation (aneurysm) or 
dissection. Although the data cited by Lindsay are sug- 
gestive of an increased prevalence of aortic dilatation/ 
dissection with BAV and coarctation, they could be ex- 
pressions of the hemodynamic alterations accompanying 
the index conditions rather than manifestations of aortic 
medial fragility. To eliminate the confounding influence 
of hemodynamic disturbances, we studied the prevalence 
of aortic root dilatation (aneurysm) in patients with a 
functionally normal or minimally stenotic BAV. This 
study was to determine whether the aortic root at the 
sinus level is significantly dilated in patients with a func- 
tionally normal or minimally stenotic BAV, which we 
define as a resting mean aortic valve gradient <25 mm 
Hg, the absence of anything more than trivial aortic 
regurgitation and no coarctation as determined by Dopp- 
ler echocardiography. 

Two-dimensional echocardiography is known to be a 
reliable (sensitivity 78%, specificity 96%) and accurate 
(93%) means of identifying BAV.° We identified all pa- 
tients with echocardiographic diagnoses of BAV over a 
41-month period from November 1985 to March 1989. 
We then identified an age- and sex-matched control 
group of 50 patients with normal echocardiograms dur- 
ing that same interval. Although 144 patients with BAV 
were initially identified, 17 were excluded because of 
greater than trivial aortic regurgitation, 14 because of 
aortic coarctation, 11 because of mean resting aortic 
gradients >25 mm Hg (continuous-wave Doppler) and 1 
because of combined aortic stenosis and regurgitation, 
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leaving a study group of 101 patients with a functionally 
normal or minimally stenotic BAV. 

Figure 1 indicates the conventional sites for aortic 
root diameter measurement.’ Our measurements were 
taken at the sinus level at end diastole. Measurements 
Sor the other levels were not consistently reported. Figure 
2 shows the mean aortic root diameter measurements at 
the sinus level for patients with a functionally normal or 
minimally stenotic BAV and for control subjects. The 
mean aortic root diameter in patients with a functionally 
normal or minimally stenotic BAV was 35.2 + 6.5 mm 
(range 20.0 to 54.0 mm), whereas the mean aortic root 
diameter in the control group was 30.4 + 3.9 mm (range 
23.0 to 40.0 mm). Analysis with Student’s unpaired t test 
revealed this difference to be statistically highly signifi- 
cant (p <0.0001). Furthermore, 58% of the study group 
and only 20% of control subjects had aortic root diame- 


A- ROOT 

B - SINUS 

C - SINOTUBULAR JUNCTION 

D - ASCENDING AORTA 

LVOT - LEFT VENTRICULAR OUTFLOW TRACT 
MV - MITRAL VALVE 

LA- LEFT ATRIUM 





FIGURE 1. Conventional sites for aortic root diameter mea- 
surement. 


AORTIC ROOT DIAMETER (mm) 








FIGURE 2. Mean aortic root diameter measurements at the si- 


nus level for patients with a functionally normal or minimally 
stenotic bicuspid aortic valve (BAV) and for control subjects. 
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ters >34 mm, a conventionally accepted upper limit of 
normal for the aortic root at the sinus level in adults.° 

From the aforementioned findings we conclude that 
aortic dilatation is present in patients with a functionally 
normal or minimally stenotic BAV when compared with 
age- and sex-matched control subjects. It might be ar- 
gued that lesser (<25 mm Hg) transvalvular pressure 
gradients or eccentric left ventricular stroke volume ex- 
pulsion in the absence of a pressure gradient could cause 
aortic root dilatation. This is unlikely to account for the 
observed differences, because disturbances of flow at the 
valvular level tend to cause aortic root changes distal to 
the sinotubular junction. Our measurements were pur- 
posefully taken proximally, at the sinus level, to avoid this 
problem. Mean transvalvular pressure gradients <25 mm 
Hg at rest were recorded too infrequently (<5 patients) 
in our sample to attempt any reliable correlation between 
gradient magnitude and aortic root dimension. Cardiac 
catheterization data were not available. Although valve 
cusp eccentricity is acknowledged to occur in approxi- 
mately 78% of BAV patients,’ it is not clear that the 
degree of cusp excursion eccentricity is sufficient to alter 
the direction of transvalvular blood flow. To disprove 


these hypotheses definitively, the study would have to be 
repeated prospectively (so that mean transvalvular gradi- 
ents at rest would be recorded in all cases) in patients with 
BAV who do not exhibit eccentric cusp excursion (ap- 
proximately 22%°) and who meet the criteria for func- 
tional normality. In the absence of such an onerous un- 
dertaking, we feel that our data provide further evidence 
that aortic dilatation (a clinical correlate of aortic medial 
fragility) is present in patients with a functionally normal 
or minimally stenotic BAV. 
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Effect of Cyclosporine on Plasma Endothelin Levels in Humans After 


Cardiac Transplantation 


Brooks S. Edwards, MD, Sharon A. Hunt, MD, Michael B. Fowler, MD, Hannah A. Valantine, MD, 


Lisbeth M. Anderson, and Amir Lerman, MD 


Ss" the introduction of cyclosporine in 1980, the 1- 
year survival rate after cardiac transplantation is now 
in excess of 80%.' Despite the success experienced with 
cyclosporine, considerable morbidity remains associated 
with its use. Renal insufficiency characterized by renal 
vasoconstriction occurs frequently and limits the use of 
the drug.* Hypertension occurs in >90% of cyclosporine- 
treated cardiac transplant recipients.’ 

In vitro cyclosporine damages endothelial cells, result- 
ing in cell lysis and detachment.* Endothelin represents a 
newly recognized polypeptide produced by vascular endo- 
thelium. Exogenous administration of endothelin results 
in intense renal and systemic vasoconstriction. Recently, 
investigators speculated that endothelin may mediate cy- 
closporine-induced hypertension and renal insufficiency.® 

Recent studies in the rat’ using superpharmacologic 
doses of cyclosporine demonstrate cyclosporine-induced 
activation of plasma endothelin with an associated in- 


From the Department of Internal Medicine, Division of Cardiovascular 
Diseases, Mayo Clinic, 200 First Street, SW, Rochester, Minnesota 
55905, and the Department of Internal Medicine, Division of Cardiolo- 
gy, Stanford University School of Medicine, Stanford, California 
94305. This study was supported in part by a grant from The Mayo 
Foundation, Rochester, Minnesota. Manuscript received November 7, 
1990; revised manuscript received December 10, 1990, and accepted 
December 12. 


782 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


crease in renal vascular resistance. Administration of en- 
dothelin antisera reversed the renal vasoconstriction. The 
effect of clinically relevant doses of cyclosporine on the 
activation of circulating endothelin in humans has not 
been evaluated. 

The current study was designed to (1) investigate 
whether plasma endothelin is activated in cyclospo- 
rine- and non-cyclosporine-treated patients after cardiac 
transplantation, and (2) to determine if a correlation 
exists between plasma endothelin and systemic arterial 
pressure or serum creatinine after transplantation. 

Studies were performed in 27 stable cardiac trans- 
plant recipients. Group 1 comprised 21 subjects who 
have undergone cardiac transplantation since 1980 and 
who were being treated with a cyclosporine-based immu- 
nosuppressive regimen. Group 2 comprised 6 patients 
transplanted before the introduction of cyclosporine who 
were receiving only prednisone and azathioprine as im- 
munosuppressive therapy. 

While subjects were in the seated position, 10 ml of 
venous blood was collected from the antecubital vein. 
Whole blood was centrifuged at 2,500 r.p.m. at 4°C. The 
plasma was stored in polypropylene tubes at —20°C 
until assayed. Extracted plasma endothelin was deter- 
mined by specific radioimmunoassay using rabbit an- 
tiendothelin antisera (RAS6901, Peninsula Laborato- 
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ries, Belmont, California), as previously described. The 
recovery of the extraction procedure was 81%. Interas- 
say and intraassay variations were 9 and 5%, respective- 
ly. The lower level of detectability of the assay is 0.5 pg/ 
ml, with a range of 0.5 to 400 pg/ml. 

Serum creatinine was assayed using a clinical creati- 
nine analyzer. Arterial pressure was determined using a 
sphygmomanometer while the patient was in the seated 
position. 

Comparison between groups was performed by Stu- 
dent's unpaired 2-tailed t test. Statistical significance 
was achieved at the p <0.05 level. Results are expressed 
as mean + standard error. 

The average age of subjects at the time of study was 
45 + 3 years in group I and 41 + 6 years in group 2. The 
average time from transplant to study was 22 + 7 
months in group 1 and 147 + 17 months in group 2. 
Nineteen of 21 subjects in group 1 were men, as were 5 
of 6 subjects in group 2. 

Eighteen of 21 (86%) cyclosporine-treated patients 
(group 1) and 1 of 6 (17%) non-cyclosporine-treated 
patients (group 2) required antihypertensive therapy. 


Cyclosporine 
treated 


Noncyclosporine 
treated 





Mean arterial blood pressure with therapy was 102 + 4 
mm Hg in group 1 and 96 + 5 mm Hg in group 2 
(difference not significant). Serum creatinine was great- 
erin group I (1.4 + 0.1 mg/dl) than in group 2 (1.0 + 0.1 
mg/dl, p <0.05) (Figure 1A). 

Plasma endothelin was 3.2 + 0.3 pg/ml in group 1 
and 4.1 + 0.8 pg/ml in group 2 (Figure 1B). This value 
was not statistically different from that measured in 67 
normal subjects (2.4 + 0.3 pg/ml) and the values be- 
tween the 2 transplant groups were not statistically dif- 
ferent. Plasma endothelin did not correlate with blood 
pressure (Figure 2A) or serum creatinine (Figure 2B) in 
either group. 

In this series of stable cardiac transplant recipients, 
plasma endothelin was not different between cyclospo- 
rine- and non-cyclosporine-treated patients. Circulating 
endothelin did not correlate with arterial pressure or se- 
rum creatinine. 

The ability to study endothelin in non-cyclosporine- 
treated cardiac transplant patients provides unique data 
and allows one the potential to separate cyclosporine ef- 
fects from more general changes that may occur after 


Cyclosporine 
treated 


Noncyclosporine 
treated 


FIGURE 1. A, serum creatine (Cr), and B, plasma endothelin (ET) in cyclosporine- (n = 21) and non-cyclosporine-treated (n = 6) 


cardiac transplant recipients. NS = difference not significant. 
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FIGURE 2. Relation between plasma endothelin (ET) and mean arterial pressure (MAP) (A) or serum creatinine (B). No signifi- 


cant correlation was observed. 
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cardiac transplantation. The fact that endothelin was not 
different between cyclosporine- and non-cyclosporine- 
treated patients provides unique evidence demonstrating 
that clinical levels of cyclosporine do not activate plasma 
endothelin. 

The inability to document activation of endothelin in 
this large group of normotensive and hypertensive cardiac 
transplant recipients suggests several possible explana- 
tions. Although endothelin may not participate as a medi- 
ator for posttransplant hypertension and renal insuffi- 
ciency, there are alternative possibilities. The sensitivity 
of the vasculature to endothelin may be altered by cyclo- 
sporine. Garr and Paller’ importantly demonstrated that 
cyclosporine may enhance the renal vascular response to 
a variety of vasoconstrictors. Potentially, in the cardiac 
transplant recipient treated with cyclosporine, there may 
be an enhanced vascular response to normal levels of 
endothelin. Furthermore, one cannot exclude the possibil- 
ity of local endothelin action without significantly in- 
creasing circulating concentrations. In preliminary stud- 
ies, Lerman et al!° observed that very low-dose endothelin 
(1 ng/kg/min) may inerease renal vascular resistance 
without increasing plasma endothelin. Perico et al!! re- 
cently demonstrated that cyclosporine may increase uri- 
nary endothelin excretion without altering plasma levels, 
suggesting intrarenal endothelin production. The distal 
nephron is rich in endothelin'? and may potentially be a 
site for enhanced intrarenal endothelin production in the 
presence of cyclosporine. Finally, this study does not ad- 
dress the possibility of diurnal changes in plasma endo- 
thelin. In a preliminary observation, Grieff et al'? report- 
ed activation of plasma endothelin, which occurs 4 to 12 
hours after ingestion of oral cyclosporine and which re- 
turns toward baseline as cyclosporine levels decline. In 
the current study, plasma endothelin was determined at a 
time when cyclosporine would be at a trough level. 

Unlike previous studies in the rat using superpharma- 
cologic doses of cyclosporine,* the current study in human 
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cardiac transplant recipients demonstrates that chronic 
cyclosporine therapy is not associated with sustained acti- 
vation of circulating endothelin. Furthermore, posttrans- 
plantation hypertension and renal insufficiency does not 
correlate with circulating endothelin and may occur in 
the absence of an increase in circulating endothelin. 
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Usefulness of the Subaortic Diameter for Normalizing Left Ventricular 


and Left Atrial Dimensions 


Michael J. Domanski, MD, Robert E. Cunnion, MD, and William C. Roberts, MD 


Drees of the cardiac chambers and great arter- 
ies in the normal heart generally vary with cardiac 
size. To compare hearts of different sizes, it would be 
useful to normalize dimensions using a readily derived 
parameter that reflects normal or near normal heart size. 
Body surface area has been used but it is of limited value 
for this application.'! This report examines the usefulness 
of the subaortic transverse diameter in the normalization 
of left ventricular (LV) end-diastolic and left atrial (LA) 
sizes. 

Thirty-nine subjects, 15 men and 24 women, aged 4 to 
49 years (mean 26), were studied. Group A (10 subjects) 
comprised children <12 years old with normal echocar- 
diograms. Group B (21 subjects) comprised adults aged 
21 to 49 years with normal echocardiograms. Group C 
(8 subjects) comprised adults aged 22 to 45 years with 
enlarged LV cavities (>56 mm in transverse dimension). 
Echocardiography was performed using a Hewlett- 
Packard Sonos 1000 or Sonos 500 imaging system. M- 
mode measurements of the LV end-diastolic dimension 
and LA size were performed as prescribed by the Ameri- 
can Society of Echocardiography.’ The inner edge to 
inner edge subaortic diameter was measured from the 
parasternal long-axis cross-sectional echocardiographic 
images immediately caudal to the base of the aortic 
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FIGURE 1. Parasternal long-axis cross-sectional echocar- 
diographic image, showing measurement of the subaortic 
diameter. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1991 


valve cusps (Figure 1). Values are expressed as mean + 
standard deviation; comparisons between groups were 
made using a 2-tailed Student’s t test. 

Table I lists data from each patient. Table II lists 
the mean values of groups A and B. Figure 2 displays 
LV end-diastolic dimension/subaortic diameter and LA 
size/subaortic diameter as a function of age. Although 
statistically significant differences existed for subaortic 


TABLE I Echocardiographic Measurements in 39 Subjects 
with Normalized Values Using the Subaortic Diameter 


LVEDD/ LASize/ 
LVEDD LASize Subaortic Subaortic 
(mm) (mm) Diameter Diameter 


Subaortic 
Age Diameter 
(Years) Sex (mm) 


Group A: Children (n = 10) 


Ss. 2:32 2:5" 
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42 
45 


Group C: Adults with increased LVEDD (n = 8) 


M 
M 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
M 
F 
F 
F 
F 
F 
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LA = left atrial; LVEDD = left ventricular end-diastolic dimension. 
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TABLE II Echocardiographic Measurements with 
Normalized Values Using the Subaortic Diameter in Children 
Compared with Adults 


Children 
(Group A, n = 10) 


Adults 
(Group B,n=21) pValue 


Measurement 


Subaortic diameter 17.9 # 1.9* 20.3+1.7 
(mm) 

LVEDD (mm) 

LAsize (mm) 

LVEDD /subaortic 
diameter 

LA size /subaortic 


diameter 


39.7 + 3.9 
27.7 £3.3 
2.25 # 0.21 


46.8 4.2 
32.1 +3.8 
2.34 +0.16 


1.56 + 0.20 1.59 +0.21 


* Values are given as mean + standard deviation. 
LA = left atrial; LVEDD = left ventricular end-diastolic dimension; NS = difference 
not significant. 


diameter, LV end-diastolic dimension and LA size in 
the children compared with adults, these differences 
were not present when LV end-diastolic dimension and 
LA size were normalized by dividing by the subaortic 
diameter. 

In this study the subaortic diameter was used to nor- 
malize other cardiac dimensions. The nearly identical 
normalized values in children and adults reflect the con- 
stancy of these measurements in normal hearts. No dif- 
ferences in any values (LV end-diastolic dimension, LA 
size, subaortic diameter, LV end-diastolic dimension/ 
subaortic diameter or LA size/subaortic diameter) were 
observed among the normal adults in this study as a 
function of age. Thus, both LV and LA dilatation were 
reflected as an alteration in the normalized values. Group 
C subjects were selected on the basis of an increased LV 
end-diastolic dimension. In all group C subjects whose 
subaortic diameter was normal (<1 standard devi- 
ations from group B subjects), the values of LV end- 
diastolic dimension/subaortic diameter were abnormal 
(<1 standard deviations from group B subjects). Simi- 
larly, all group C subjects with normal subaortic diame- 
ters and abnormal (>40 mm) LA sizes had abnormal LA 
size/subaortic diameter (<1! standard deviations from 
group B subjects) ratios. If the aortic root diameter is 
abnormal, however, the subaortic diameter may not ade- 
quately reflect normal heart size and it may not be an 
appropriate parameter for normalizing LV end-diastolic 
dimension and LA size. The range of the subaortic diam- 
eter derived from the group B subjects in this study 
(20.3 + 1.7 mm) is similar to that reported by Weyman 
(21 + 3).3 

Body surface area is another parameter that has been 
used to normalize cardiac chamber dimensions. The sub- 
stantial scatter present limits its usefulness.* By compari- 
son, the subaortic diameter is easily measured echocar- 
diographically and is a convenient internal reference of 
heart size. 

In conclusion, the constant proportions of LV end- 
diastolic dimension/subaortic diameter and LA size/sub- 
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FIGURE 2. Graphs displaying, as a function of age, the ratios 
of left ventricular end-diastolic dimension (LVEDD) to subaor- 
tic diameter and of left atrial (LA) size to subaortic diameter 
for each patient. These ratios do not change with age up to 50 
years. NS = difference not significant. 


aortic diameter in the normal heart and the usual lack of 
variance of the subaortic diameter with disease make this 
dimension a convenient and effective parameter for nor- 
malizing LV end-diastolic dimension and LA size. If, 
however, the subaortic diameter is abnormally large or 
small, this technique is not reliable. 
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Complications of Diagnostic Cardiac Catheterization Requiring 


Surgical Intervention 


Jon R. Cohen, MD, Frederic Sardari, MD, Lauren Glener, John Peralo, MD, Andrew Grunwald, MD, 
Gary Friedman, MD, Jerome Koss, MD, Obi Nwasokwa, MD, and Monty Bodenheimer, MD 


p ercutaneous cardiac catheterization for the diagno- 
sis of cardiac disease has now become a routine and 
safe procedure with widespread application. Rarely, how- 
ever, complications do occur that require emergency sur- 
gical intervention. The results of immediate surgical ex- 
ploration are usually good; however, the long-term fol- 
low-up of these patients is unknown. This study reviews 
our experience with surgery for complications of cardiac 
catheterization and the long-term follow-up. 

The records of all patients undergoing operation for 
complications of cardiac catheterization were retrospec- 
tively reviewed during the 5-year period from January 
1984 to January 1989. There were 7,796 catheterizations 
(0.3%) performed, and 22 patients who required surgical 
intervention. All catheterizations were done through an 
8Fr sheath with full heparinization. Ninety percent of 
patients were accessed through the femoral approach 
and the remaining were accessed through the brachial 
artery. The brachial artery route was chosen when femo- 
ral catheterization was unsuccessful. 

All patients undergoing cardiac catheterization were 
admitted to the hospital and followed daily. There were 
no false aneurysms that were treated conservatively. 
Many patients with hematomas were seen and followed 
conservatively; however, any suggestion of a pulsatile 
mass was considered a false aneurysm and was surgical- 
ly explored. We do not know if any patient with a vascu- 
lar complication was seen and treated at another institu- 
tion after discharge from the hospital; however, because 
of the nature of the referral base of our practice, it is 
unlikely that they were seen elsewhere. 

Of the 22 patients requiring surgical interventions ‘for 
complications of the cardiac catheterization, all initial 
cardiac catheterizations were diagnostic; none of the pa- 
tients was undergoing thrombolytic therapy and none 
was on an intraaortic balloon pump. 

The ideal weights for each patient were determined 
by standard charts for height, sex and age. The percent- 
age over or under ideal weight for each patient was then 
determined. 

Follow-up was determined by a telephone conversa- 
tion or physical examination of the patient, or both. 
Physical examination included determinations for distal 
pulses, leg swelling, leg pain, neurologic complaints and 
incisional pain. 


From the Divisions of Cardiology and Vascular Surgery, Long Island 
Jewish Medical Center, 270-05 76th Avenue, New Hyde Park, New 
York 11042, and the Albert Einstein College of Medicine, Bronx, New 
York. Manuscript received July 30, 1990; revised manuscript received 
and accepted December 3, 1990. 


The age of the 22 patients ranged from 39 to 79 years 
(mean 65). The male to female ratio was 14 to 9. Age, 
sex, blood loss or history of hypertension had no rela- 
tion to the type or location of the injury. The common 
femoral artery was the most common site of injury (14 
of 22). Complications included 13 pseudoaneurysms, 5 
arterial thromboses, 2 hematomas and 2 embolic events. 

There was no correlation between the type of compli- 
cation and the location of the arterial puncture. The type 
of anesthesia (local versus general) had no correlation 
with outcome. There was no correlation between the 
amount of blood loss at surgery and the time interval 
from catheterization to surgical repair. However, repair 
of the injury was technically more difficult the longer the 
time interval from the initial catheterization. 

One patient (0.01%) lost his leg as a result of multi- 
ple tibial and pedal arterial emboli sustained during 
catheterization. Most patients (18 of 22) sustaining 
complications were = 20% over their appropriate weight. 

At follow-up, two-thirds of patients were free of 
symptoms. The remaining patients complained of chron- 
ic leg pain, medial thigh anesthesia or incisional pain. 
No patient had a change in their circulatory status. 

The results of our study compared favorably with 
recent reports of complications (1 to 5%).'-5 Our most 
frequently seen complication was pseudoaneurysm for- 
mation (60%). Pseudoaneurysm usually occurs if the 
catheterization site fails to seal, leading to chronic leak- 
age of blood into the surrounding tissues. Because 80% of 
our patients were overweight, we believe that pseudo- 
aneurysm occurred most often as a result of inadequate 
compression after catheterization. Some surgeons recent- 
ly suggested that pseudoaneurysms can be managed con- 
servatively because most will eventually clot. 

We have found that patients are symptomatically 
much improved after pseudoaneurysm repair and con- 
tinue to advise aggressive surgical repair of lesions >4 
centimeters in size. Repair of pseudoaneurysms are tech- 
nically more difficult the longer the time interval from 
catheterization because of the increased inflammatory 
response. We recommend elective repair of these lesions 
shortly after the diagnosis is made. 

Although we only evacuated 2 hematomas, many 
small hematomas were not surgically evacuated. Evacua- 
tion of hematomas below the inguinal ligament is diffi- 
cult; the blood dissects into the muscular tissue planes and 
is difficult to remove. Hematomas in the retroperitoneum 
are more dangerous, however, as they tend to continue to 
bleed because of inadequate tissue compression. In con- 
trast to previous reports,®’ neither the amount of blood 
loss nor the time interval between catheterization and 
surgery correlated with morbidity. 
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_ Thromboses and embolic events constitute a true sur- 
gical emergency, as ischemia time is directly correlated 
with major limb morbidity and mortality. These patients 
should be given 5,000 U of intravenous heparin immedi- 
ately and surgically explored as soon as possible. 

At follow-up, two-thirds of the patients were free of 
symptoms related to the surgical procedures. To our sur- 
prise, one-third complained of significant chronic leg 
pain, medial thigh anesthesia or incisional pain. No pa- 
tient had chronic leg swelling or arterial insufficiency as a 
direct result of the procedure. 

The results of this study indicate that cardiac cathe- 
terization is very safe. When the rare complication does 
occur, it usually can be corrected safely with immediate 
operation, under local anesthesia, and without a preoper- 
ative angiogram. Altheugh operation prevents limb loss 
in most cases, a significant number of patients will have 
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chronic complaints related to the surgical repair of these 
lesions. 
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789 

An Economic Evaluation of Lovastatin for 
Cholesterol Lowering and Coronary Artery 
Disease Reduction 

Joel W. Hay, Ellison H. Wittels, and Antonio M. 
Gotto, Jr. 


The costs and benefits of cholesterol lowering in primary 
prevention of coronary artery disease were considered 
using lifetime lovastatin therapy as the intervention 
model for adults between 35 and 55 years of age. The 
results were more favorable than those found in previous 
studies of alternate medication therapies for hypercho- 
lesterolemia. At least 800,000 Americans aged 35 to 55 
years are at sufficiently high risk for CAD, so that the 
net cost of lovastatin therapy can be favorably compared 
to other widely used interventions. 


797 

Effects of Time Required for Reperfusion 
(Thrombolysis or Angioplasty, or Both) and 
Location of Acute Myocardial Infarction on Left 
Ventricular Functional Reserve Capacity Several 
Months Later 

Thomas Little, Marshall Crenshaw, Henry A. 
Liberman, Louis L. Battey, Robert Warner, André L. 
Churchwell, Robert L. Eisner, Douglas C. Morris, and 
Randolph E. Patterson 


To test whether early reperfusion (<4.5 hours) with re- 
combinant tissue-type plasminogen activator or angio- 
plasty, or both, would improve left ventricular ejection 
fraction during exercise in patients studied several 
months after acute myocardial infarction, radionuclide 
angiography and thallium-201 imaging were performed 
in 44 patients 5 months (6 weeks to 9 months) after 
AMI. Global LV function and functional reserve during 
exercise were both improved by early reperfusion in pa- 
tients with an anterior wall but not an inferior wall 
AMI. 
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806 

Frequency and Significance of Occult Late 
Potentials on the Signal-Averaged 
Electrocardiogram in Sustained Ventricular 
Tachycardia After Healing of Acute Myocardial 
Infarction 

Pramod Deshmukh, Stephen L. Winters, and J. 
Anthony Gomes 





The signal-averaged electrocardiograms of 48 patients 
with sustained ventricular tachycardia after healing of 
acute myocardial infarction were analyzed. It is conclud- 
ed that morphologic types of late potentials are likely a 
function of the anatomic and geometric differences with- 
in the substrate, with resultant differences in conduction. 


812 


Usefulness of the Automatic Implantable 
Cardioverter Defibrillator in Improving Survival of 
Patients with Severely Depressed Left Ventricular 


Eduardo de Marchena, Simon Chakko, Pedro 
Fernandez, Augusto Villa, Debbie Cooper, Paula 
Wozniak, Jose Cruz, Richard J. Thurer, Kenneth M. 
Kessler, and Robert J. Myerburg 


To determine the effect of the automatic implantable 
cardioverter defibrillator on survival, investigators ana- 
lyzed the demographic characteristics of 39 consecutive 
patients (29 survivors of out-of-hospital cardiac arrest 
and 10 with drug-refractory ventricular tachycardia; 
mean age 64 years) followed for a mean of 24 months 
after AICD implantation. The difference between actual 
and projected survival rates—with projections based on 
data of patients who survived without appropriate AICD 
discharge—was statistically significant, suggesting that 
the AICD improves the chances of survival in patients 
with severely depressed left ventricular function associ- 
ated with coronary artery disease. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 15,1991 A7 


817 

Comparison of Intravascular Ultrasound, External 
Ultrasound and Digital Angiography for 
Evaluation of Peripheral Artery Dimensions and 


Morphology 

Khalid H. Sheikh, Charles J. Davidson, Katherine B. 
Kisslo, J. Kevin Harrison, Stevan I. Himmelstein, 
Joseph Kisslo, and Thomas M. Bashore 


To further validate the accuracy of the catheter-based 
intravascular ultrasound technique in the determination 
of arterial dimensions and morphology, vascular images 
of the femoral artery system at 29 sites in 15 patients 
were obtained by intravascular ultrasound, 2-dimension- 
al external ultrasound, Doppler color-flow imaging and 
digital angiography. Data indicate that dimensions de- 
termined by intravascular ultrasound correlate well with 
both external ultrasound and angiography in normal and 
minimally diseased peripheral arteries, but that angiog- 
raphy often yields results discordant with both intravas- 
cular and external ultrasound in the detection of the 
presence and composition of plaque. 


sc ot SBT RD at ty SP ar E SG 
Left Ventricular Diastolic Function in Patients 
with Left Ventricular Systolic Dysfunction Due to 
Coronary Artery Disease and Effect of 
Nicardipine 

Constantine N. Aroney, Marc J. Semigran, G. 
William Dec, Charles A. Boucher, and Michael A. 
Fifer 


To assess the effect of nicardipine on left ventricular 
diastolic function independent of changes in loading con- 
ditions, equihypotensive doses of intravenous nitroprus- 
side and nicardipine were administered to 12 patients 
with LV systolic dysfunction due to coronary artery dis- 
ease. Nicardipine did not offer an advantage over nitro- 
prusside with regard to acute effects on diastolic 
function. 


ARRHYTHMIAS AND CONDUCTION 
DISTURBANCES 


A New Method for Estimating Preexcitation Index 
Without Extrastimulus Technique and Its 
Usefulness in Determining the Mechanism of 
Supraventricular Tachycardia 

Takeshi Yamashita, Hiroshi Inoue, Akira Nozaki, 
Tsong-Teh Kuo, Masahiro Usui, Shinichiro Saihara, 
and Tsuneaki Sugimoto 


To test whether a preexcitation index, useful in deter- 
mining the mechanism of paroxysmal supraventricular 
tachycardia and the site of the accessory pathway in 
atrioventricular reentrant tachycardia, could be comput- 
ed analytically instead of by scanning the whole SVT 
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cycle with extrastimuli, 19 patients with SVT were di- 
vided into 2 groups: 15 whose preexcitation index could 
and 4 whose preexcitation index could not be deter- 
mined. In these 4, the authors’ new index was able to 
differentiate AV reentrant tachycardia from AV nodal 
reentrant tachycardia. The new index is helpful in deter- 
mining the mechanism of SVT, even when retrograde 
atrial preexcitation by a ventricular extrastimulus does 
not occur. 


835 

Usefulness of the Electrophysiology Laboratory 
for Evaluation of Proarrhythmic Drug Response 
in Coronary Artery Disease 

Alfred E. Buxton, Mark E. Rosenthal, Francis E. 
Marchlinski, John M. Miller, Belinda Flores, and 
Mark E. Josephson 


Two potential manifestations of proarrhythmic response 
to type IA antiarrhythmic agents—conversion of uni- 
form nonsustained ventricular tachycardia to sustained 
VT and induction of sustained VT by fewer extrastimu- 
li—were evaluated in 122 patients with chronic coronary 
artery disease and previous myocardial infarction after 
administration of procainamide. The authors conclude 
that it is premature to consider a decrease in the number 
of extrastimuli required to induce sustained VT after 
drug administration as a proarrhythmic drug effect. 


843 

Effectiveness of Glibenclamide on Myocardial 
Ischemic Ventricular Arrhythmias in Non-Insulin- 
Dependent Diabetes Mellitus 

Federico Cacciapuoti, Renato Spiezia, Ugo Bianchi, 
Diana Lama, Maria D’Avino, and Michele Varricchio 


Nineteen non-insulin-dependent diabetic patients were 
chosen for evaluation of the antiarrhythmic effects of 
glibenclamide, a hypoglycemic sulfonylurea. Results in- 
dicate that glibenclamide appears to be useful in treating 
ventricular ischemic arrhythmias. 


CONGESTIVE HEART FAILURE 


Incremental Prognostic Value of Exercise 
Hemodynamic Variables in Chronic Congestive 
Heart Failure Secondary to Coronary Artery 
Disease or to Dilated Cardiomyopathy 

Brian P. Griffin, Prediman K. Shah, John Ferguson, 
and Stanley A. Rubin 


Both resting and exercise hemodynamic measurements 
were used to predict 1-year survival in 49 patients with 
congestive heart failure. Data suggest that, among pa- 
tients with CHF, a subset of patients with a very high 1- 
year mortality may be identified using hemodynamic 


evaluation at rest and during exercise, and this informa- 
tion may be useful when selecting patients for cardiac 
transplantation. 
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854 

Short- and Long-Term Results of Catheter 
Balloon Percutaneous Transvenous Mitral 
Commissurotomy 

Jui-Sung Hung, Ming-Shyan Chern, Jong-Jen Wu, 
Morgan Fu, Kou-Ho Yeh, Yahn-Chyurn Wu, Wen- 
Jin Cherng, Sarah Chua, and Ching-Bin Lee 


Percutaneous transvenous mitral commissurotomy for 
severe rheumatic mitral stenosis was successfully per- 
formed in 216 of 219 consecutive patients. PTMC is 
safe, achieves good immediate and long-term results, 
and is the procedure of choice in selected patients with 
mitral stenosis. 


863 

Effects of Aerobic Exercise Training on 
Symptomatic Women with Mitral Valve Prolapse 
Kristine A. Scordo 





Effects of a 12-week aerobic exercise training protocol 
were studied in 32 women with mitral valve prolapse. 
Levels of catecholamine did not change significantly at 
rest or during peak exercise. Findings support the use of 
aerobic exercise in the management of symptomatic 
women with MVP. 


869 

Validity of an Early Postoperative Baseline 
Doppler Recording After Aortic Valve 
Replacement 

Rune Wiseth, Lars Hegrenaes, Ole Rossvoll, Terje 
Skjaerpe, and Liv Hatle 


To assess the validity of the early postoperative pressure 
decrease across aortic valve prostheses as a baseline for 
later comparison, a Doppler ultrasound recording was 
obtained at a mean of 11 days after aortic valve replace- 
ment (51 bioprostheses, 78 mechanical) in 131 consecu- 
tive patients and again 3 to 5 months later. The authors 
suggest that a significant increase in mean pressure de- 
crease between baseline and follow-up could indicate a 
leaky or obstructed valve, and that all patients undergo- 
ing aortic valve replacement should routinely undergo 
Doppler ultrasound before hospital discharge. 
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873 


Ventricular Late Potentials and Induced 
Ventricular Arrhythmias After Surgical Repair of 
Tetralogy of Fallot 

Marc Zimmermann, Beat Friedli, Richard Adamec, 
and Ingrid Oberhansli 


Thirty-one asymptomatic patients with postoperative te- 
tralogy of Fallot were prospectively studied to analyze 
results of programmed ventricular stimulation and the 
relation between inducible ventricular tachycardia and 
the presence of late potentials and spontaneous ventricu- 
lar premature complexes. Shortly after repair of tetral- 
ogy of Fallot, the presence of spontaneous VPCs and 
ventricular late potentials are associated with an in- 
creased incidence of inducible VT. The absence of VPCs 
and late potentials may identify patients at low risk of 
subsequent ventricular arrhythmias. 


MISCELLANEOUS 


879 

Thallium-201 Stress Scintigraphy in Takayasu 
Arteritis 

Yuji Hashimoto, Fujio Numano, Yoshiaki 
Maruyama, Toshiyuki Oniki, Kenji Kasuya, 
Tsunekazu Kakuta, Tomoko Wada, Michiyoshi 
Yajima, and Hidenori Maezawa 


Of 38 women with Takayasu arteritis who underwent 
thallium-201 stress myocardial scintigraphy, 20 (53%) 
had abnormal perfusion defects—permanent in 6, re- 
versible in 7, and slow washout in 7—responsible for 
their decreased coronary reserve or myocardial damage, 
or both, and likely the result of long-standing systemic 
hypertension or complicated aortic regurgitation. The 
authors recommend evaluating patients with Takayasu 
arteritis who have perfusion defects for the presence of 
coronary artery disease. 
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883 
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Comparison of Manual Versus Automated Edge 
Detection for Determining Degrees of Luminal 


Narrowing by Quantitative Coronary 
Angiography 


Anatoly Langer and Robert F. Wilson 
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Multiple Accessory Pathways in the Wolff- 
Parkinson-White Syndrome as a Risk Factor for 
Ventricular Fibrillation 

Wee Siong Teo, George J. Klein, Gerard M. 
Guiraudon, Raymond Yee, James W. Leitch, Douglas 
McLellan, Richard A. Leather, and You Ho Kim 
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Percutaneous Balloon Mitral Valvuloplasty in 
Juvenile Rheumatic Mitral Stenosis 

Savitri Shrivastava, Vishwa Dev, Ramachandran S. 
Vasan, Gladwin S. Das, and Meera Rajani 





894 

Reversal of Changes in Left Ventricular Diastolic 
Filling Associated with Normal Aging Using 
Diltiazem 

Warren J. Manning, Richard P. Shannon, John A. 
Santinga, J. Anthony Parker, Ernest V. Gervino, 
Patricia C. Come, and Jeanne Y. Wei 
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Spontaneous Regression of Cardiac 
Rhabdomyoma 

Zia Q. Farooki, Robert D. Ross, Stephen M. Paridon, 
Richard A. Humes, Peter P. Karpawich, and William 
W. Pinsky 
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Ventricular Ejection Force Determination 
Thomas R. Lloyd and Richard L. Donnerstein 
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Mechanical Failure of a St. Jude Medical 
Prosthesis 

David A. Orsinelli, Richard C. Becker, Henri F. 
Cuénoud, and John M. Moran 
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Transtracheal Placement and Imaging with a 
Transesophageal Echocardiographic Probe 
Leonard F. Fagan, Jr., Ronald Weiss, Ramon 
Castello, and Arthur J. Labovitz 
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CORONARY ARTERY DISEASE 
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An Economic Evaluation of Lovastatin for Cholesterol 
Lowering and Coronary Artery Disease Reduction 
Joel W. Hay, Ellison H. Wittels, and Antonio M. Gotto, Jr. 


The costs and benefits of cholesterol lowering in the primary prevention of 
coronary artery disease (CAD) were considered using lifetime lovastatin 
therapy as the intervention model for adults between 35 and 55 years of 
age. For average-risk men with total serum cholesterol levels between 5.69 
and 9.83 mmol/liter (220 and 380 mg/dl), the cost per life-year saved 
ranged from $9,000 to $106,000, whereas for average-risk women, the 
cost ranged from $35,000 to $297,000 (1989 U.S. dollars). In high-risk 
men (with smoking habit and hypertension), the cost per life-year saved 
values ranged from $6,000 to $53,000, whereas in high-risk women, the 
cost per life-year saved values ranged from $19,000 to $160,000. The 
results were more favorable than those found in previous studies of alter- 
nate medication therapies for hypercholesterolemia. At least 800,000 
Americans aged 35 to 55 are at sufficiently high risk for CAD, so that the 
net cost of lovastatin therapy can be favorably compared to other widely 
used medical interventions. 


a ee 
Effects of Time Required for Reperfusion (Thrombolysis or 
Angioplasty, or Both) and Location of Acute Myocardial 
Infarction on Left Ventricular Functional Reserve Capacity 
Several Months Later 

Thomas Little, Marshall Crenshaw, Henry A. Liberman, Louis L. Battey, 
Robert Warner, André L. Churchwell, Robert L. Eisner, Douglas C. Morris, 
and Randolph E. Patterson 


The purpose of this study was to test whether early reperfusion with 
recombinant tissue-type plasminogen activator or angioplasty, or both, 
would improve left ventricular (LV) ejection fraction during exercise in 
patients studied several months after acute myocardial infarction (AMI). 
Reperfusion documented angiographically <4.5 hours after the onset of 
chest pain led to improved exercise and LV ejection fraction at rest in 
patients with an anterior AMI, compared with patients reperfused after 
4.5 hours or not at all. In contrast, patients with an inferior AMI had no 
difference in rest or exercise LV ejection fraction with early reperfusion. 
Exercise tomographic thallium-201 revealed no evidence of myocardial 
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ischemia several months after AMI, probably because of percutaneous 
transluminal coronary angioplasty or surgery, or both, performed to en- 
sure optimal revascularization. 


806 
Frequency and Significance of Occult Late Potentials on the 
Signal-Averaged Electrocardiogram in Sustained Ventricular 
Tachycardia After Healing of Acute Myocardial Infarction 
Pramod Deshmukh, Stephen L. Winters, and J. Anthony Gomes 





The signal-averaged electrocardiograms of 48 patients with sustained 
ventricular tachycardia after healing of acute myocardial infarction were 
analyzed. Late potentials could be classified into 3 morphologic subtypes. 
Type I late potentials occurred in the terminal 40 ms of the QRS complex 
and were seen in 40% of patients. Type II late potentials started before the 
end of the QRS complex and extended 30 + 17 ms into the ST segment 
and were seen in 33% of patients. Type III late potentials started at the end 
of the QRS complex and extended 67 + 27 ms into the ST segment and 
were seen in 27% of patients. The amplitude of the late potentials in type 
III, when compared with types I and II, were significantly lower, whereas 
the QRS duration on the electrocardiogram was significantly longer in 
type I when compared with types I and III. No differences were noted in 
age, sex, site of myocardial infarction, or rate of induced VT between the 3 
types. Computer algorithm based on noise failed to identify most type III 
late potentials. It is concluded that morphologic types of late potentials are 
likely a function of the anatomic and geometric differences within the 
substrate, with resultant differences in conduction. Type III late poten- 
tials, which were seen in 27% of patients with ventricular tachycardia after 
myocardial infarction, are often missed by computer algorithms based on 
noise, and therefore are better suited for qualitative analysis. 


812 

Usefulness of the Automatic Implantable Cardioverter 
Defibrillator in Improving Survival of Patients with Severely 
Depressed Left Ventricular Function Associated with Coronary 
Artery Disease 

Eduardo de Marchena, Simon Chakko, Pedro Fernandez, Augusto Villa, 
Debbie Cooper, Paula Wozniak, Jose Cruz, Richard J. Thurer, Kenneth M. 
Kessler, and Robert J. Myerburg 


We analyzed the clinical outcome of 39 patients with coronary artery 
disease, severely depressed left ventricular (LV) function and previous 
potentially lethal arrhythmic events requiring the automatic implantable 
cardioverter defibrillator (AICD). Patients had characteristics that pre- 
dicted a high mortality rate, including advanced age (mean 64 years) and 
a low mean LV ejection fraction of 21 + 4%. Nevertheless, actuarial 
survival was 77% at 1 year and 72% at 2 years, with a projected survival 
rate—without an AICD—of 30% at | year and 21% at 2 years; the 
difference between actuarial and projected survival was statistically signif- 
icant. This study suggests that the AICD improves survival in patients 
with coronary artery disease, despite severely depressed LV function. 
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SIAS ne a ne ee ee eee 
Comparison of Intravascular Ultrasound, External Ultrasound 
and Digital Angiography for Evaluation of Peripheral Artery 
Dimensions and Morphology 

Khalid H. Sheikh, Charles J. Davidson, Katherine B. Kisslo, J. Kevin 
Harrison, Stevan |. Himmelstein, Joseph Kisslo, and Thomas M. Bashore 


Catheter-based intravascular ultrasound is a new vascular imaging tech- 
nique. To further validate arterial dimensions and morphology determined 
by intravascular ultrasound, vascular images of the femoral artery system 
at 29 sites in 15 patients were obtained by intravascular ultrasound, 
external 2-dimensional ultrasound, Doppler color-flow imaging and digi- 
tal angiography, and were compared for arterial dimensions and morphol- 
ogy. Arterial dimensions determined by intravascular ultrasound correlat- 
ed well with all 3 imaging techniques (all r >0.90). Intravascular ultra- 
sound detected minor arterial plaque at 15 sites, 5 of which were 
hypoechoic (soft) and 10 hyperechoic with distal shadowing (hard). Ex- 
ternal 2-dimensional imaging noted plaque at 12 of 15 sites, whereas 
angiography noted plaque at only 6 of 15 sites, only 1 of which was thought 
to be calcified. These data indicate that arterial dimensions determined by 
intravascular ultrasound correlate well with both external ultrasound and 
angiography in normal and minimally diseased peripheral arteries. How- 
ever, angiography is often discordant with both intravascular and external 
ultrasound in determining the presence and composition of plaque. 


823 

Left Ventricular Diastolic Function in Patients with Left 
Ventricular Systolic Dysfunction Due to Coronary Artery 
Disease and Effect of Nicardipine 

Constantine N. Aroney, Marc J. Semigran, G. William Dec, Charles A. 
Boucher, and Michael A. Fifer 


To assess the effect of nicardipine on left ventricular (LV ) diastolic func- 
tion independent of changes in loading conditions, we administered equi- 
hypotensive doses of intravenous nitroprusside and nicardipine to 12 pa- 
tients with LV systolic dysfunction due to coronary artery disease. LV 
micromanometer pressure and simultaneous radionuclide volume were 
measured. A greater decrease in LV end-diastolic pressure was observed 
with nitroprusside (29 + 2 to 15 + 2 mm Hg, p <0.01) than with 
nicardipine (29 + 2 to 25 + 3 mm Hg, p <0.05). There was a decrease in 
the time constant of relaxation with nitroprusside but not with nicardipine. 
There was enough overlap in LV volumes in the baseline and nitroprusside 
periods to compare diastolic pressure-volume relations over a common 
range of volumes in 4 patients, and enough overlap in the baseline and 
nicardipine periods in 11 patients. The relation was shifted downward in 3 
of 4 patients taking nitroprusside and in 6 of 11 patients taking nicardi- 
pine. The relation between end-diastolic pressure and volume was not 
shifted with nicardipine. With regard to acute effects on diastolic function, 
nicardipine did not offer an advantage over nitroprusside in this patient 


group. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


La RRs PEGS FRE See. ee ns Oe SS Ee 
A New Method for Estimating Preexcitation Index Without 
Extrastimulus Technique and Its Usefulness in Determining the 
Mechanism of Supraventricular Tachycardia 

Takeshi Yamashita, Hiroshi Inoue, Akira Nozaki, Tsong-Teh Kuo, 
Masahiro Usui, Shinichiro Saihara, and Tsuneaki Sugimoto 


A new method for estimating the preexcitation index was studied in 19 
patients with paroxysmal supraventricular tachycardia (SVT). Our index 
was computed analytically using the following formula: (atrioventricular 
[AV] conduction time during tachycardia) + (ventriculoatrial conduction 
time during ventricular pacing at the tachycardia cycle length) — (tachy- 
cardia cycle length). There was a strong correlation between the preexci- 
tation index determined by the extrastimulus technique and our index. 
Our index was effective in determining the mechanism of SVT and the site 
of the accessory pathway in orthodromic AV reentrant tachycardia, and 
could be applied even when retrograde atrial preexcitation by a ventricular 
extrastimulus did not occur. 


Se a MEE ENEE SPN oe eee 
Usefulness of the Electrophysiology Laboratory for Evaluation 
of Proarrhythmic Drug Response in Coronary Artery Disease 
Alfred E. Buxton, Mark E. Rosenthal, Francis E. Marchlinski, John M. 
Miller, Belinda Flores, and Mark E. Josephson 


We evaluated 2 potential manifestations of proarrhythmic responses to 
procainamide in the electrophysiology laboratory in 122 patients with 
chronic coronary artery disease and prior myocardial infarction. Conver- 
sion of uniform nonsustained ventricular tachycardia (VT) into the same 
morphology of sustained VT after procainamide occurred in 10% of pa- 
tients presenting with nonsustained VT and never in patients presenting 
with sustained VT. Induction of sustained VT by fewer extrastimuli after 
procainamide did not appear to be a marker for potential proarrhythmic 
drug effects. 


843 

Effectiveness of Glibenclamide on Myocardial Ischemic 
Ventricular Arrhythmias in Non-Insulin-Dependent Diabetes 
Mellitus 

Federico Cacciapuoti, Renato Spiezia, Ugo Bianchi, Diana Lama, Maria 
D’Avino, and Michele Varricchio 


The adenosine triphosphatase-modulated potassium ion channel opening 
of the myocardial cells, induced by hypoxia, is a major cause of ischemic 
ventricular arrhythmias. Glibenclamide appears to be a potent blocker of 
these channels, both in pancreatic 8 cells and in myocardial fibers. In the 
present study, the antiarrhythmic effect of glibenclamide was evaluated in 
19 non-insulin-dependent diabetic patients with coronary artery disease 


Continued on page A28 


A22 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





The 
American 


Journal 






of 
Cardiology, 


ADVERTISING SALES OFFICES 


NEW YORK, NEW YORK 
Michael A. Pepper, 212-463-6468 
Robert C. Weidner, 212-463-6469 
249 W. 17th St. 

New York, N.Y. 10011 








DES PLAINES, ILLINOIS 
Wyman Carey, 708-635-8800 
1350 E. Touhy Ave., P.O. Box 5080 
Des Plaines, Ill. 60017-5080 


INTERNATIONAL 
Cahners Publishing Company 
27 Paul Street 

London, EC2A, 4JU, England 
Tel: 1-44 1 628-7030 

Telex: 914911 

Fax: 1-44 1 839-6626 
Managing Dir.-Europe 

E. D. Reuteler 

United Kingdom, Benelux 
Stuart Smith 

Tracey Lehane 

Scandinavia 

Martin Sutcliffe 

Italy, France, Spain 

Alasdair Melville 
Switzerland, Germany, Austria, E. Europe 
Uwe Kretzschmar 


JAPAN 

Kaoru Hara—03-366-8301 
Dynaco International, Inc. 

Suite 1003, Sun-Palace Shinjuku 
8-12-1 Nishishinjuku Shinjuku-ku 
Tokyo 160, Japan 

Fax: 03 366-8302 


Production Manager: Marty Schlessel 
Telephone: 212-463-6546 


Reprints Manager: Herbert V. Paureiss, Jr. 
Telephone: 212-463-6437 
Fax New York Office: 212-463-6470 


Director of Art Department: Barrie Stern 
Contracts Coordinator: Luz Mejia 


CAHNERS PUBLISHING COMPANY 
249 W. 17th St., N.Y., N.Y. 10011 


CLASSIFIED 











ACADEMIC CARDIOLOGIST 


Department of Medicine at the University of Missouri-Kansas City School of 
Medicine is seeking a full time academic cardiologist, who is board certified 
ABIM, and board certified/eligible in the subspecialty of cardiovascular dis- 
ease. Experience and training in all areas of clinical cardiology, non-inva- 
sive and invasive procedures are required. Strong teaching program with 
three year cardiology fellowship associated with St. Luke's Hospital/Mid- 
America Heart Institute. Career development is stressed. A competitive 
salary and excellent fringe benefit package is offered. Candidates should 
send Curriculum Vitae to: Alan D. Forker, M.D., Chief, Section of Cardiolo- 
gy, University of Missouri-Kansas City School of Medicine, 2411 Holmes, 
Kansas City, Missouri 64108-2792, (816) 235-1950. The UMKC School of 
Medicine is an affirmative action/equal opportunity employer. 






Cardiology—BC/BE invasive cardiologist sought to asso- 
ciate with growing solo invasive cardiology practice in 
Richmond, VA. PTCA experience desirable; competitive 
salary and benefits with early opportunity for full partner- 
ship. Send CV to Dr. B. Hammond, M.D., 2000 Bremo Road, 
Suite 103, Richmond, VA. 23226. 
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The Department of Pediatrics at Medical College of Ohio, 
Toledo, is seeking a new Chief, Division of Cardiology. All 
candidates must be board-certified in Pediatric Cardiology 
and be eligible for faculty appointment in the tenure track 
as an Associate Professor or Professor. As the referral 
center for northwest Ohio, there are very active inpatient 
and outpatient clinical programs. The cardiac surgical 
program is fully state-approved, and includes a heart 
transplant program. Extensive resources are available for 
both laboratory and clinical research. Excellent leader- 
ship opportunity to participate in the further development 
of an active research, clinical, and teaching program in 
an expanding department. Inquiries with CV to: Carl E. 
Hunt, M.D., Chairman, Department of Pediatrics, Medical 
College of Ohio, P.O. Box 10008, Toledo, Ohio 43699- 
0008. The Medical College of Ohio is committed to affir- 
mative action and equal opportunity. 
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and 24-hour Holter evidence of ventricular tachyarrhythmias during tran- 
sient myocardial ischemia. After continuous basal Holter monitoring, 
patients were randomly classified into 2 groups and treated with glibencla- 
mide and metformin (placebo) following a crossover pattern. Results 
obtained suggest that glibenclamide appears to be an antiarrhythmic drug 
that is useful in treating ventricular ischemic arrhythmias. 


CONGESTIVE HEART FAILURE 


848 

Incremental Prognostic Value of Exercise Hemodynamic 
Variables in Chronic Congestive Heart Failure Secondary to 
Coronary Artery Disease or to Dilated Cardiomyopathy 

Brian P. Griffin, Prediman K. Shah, John Ferguson, and Stanley A. Rubin 


Both resting and exercise hemodynamic measurements were used to pre- 
dict 1-year survival in 49 patients with congestive heart failure. Mortality 
at 1 year was 33%. Pulmonary arterial wedge pressure and stroke work 
index were significant univariate predictors of survival both at rest and 
during exercise, whereas left ventricular ejection fraction, oxygen con- 
sumption, exercise duration or left ventricular hydraulic power did not 
predict survival. Patients with a peak exercise stroke work index of <20 
g-m/m? had a 66% mortality rate compared with a mortality rate of 13% 
in patients with a peak stroke work index >20 g-m /m? (p = 0.0001). 
Multiple regression analysis identified resting pulmonary arterial wedge 
pressure and peak stroke work index as the only independent predictors of 
survival. A receiver-operating characteristic curve analysis revealed that 
peak exercise stroke work index provided significant incremental prognos- 
tic information over the resting hemodynamic variables. 


VALVULAR HEART DISEASE 


854 

Short- and Long-Term Results of Catheter Balloon 
Percutaneous Transvenous Mitral Commissurotomy 

Jui-Sung Hung, Ming-Shyan Chern, Jong-Jen Wu, Morgan Fu, Kou-Ho 
Yeh, Yahn-Chyurn Wu, Wen-Jin Cherng, Sarah Chua, and Ching-Bin Lee 


Percutaneous transvenous mitral commissurotomy (PTMC) for severe 
rheumatic mitral stenosis was successfully performed in 216 of 219 con- 
secutive patients, aged 19 to 76 years (mean 43). The procedure resulted 
in immediate hemodynamic improvements with an increase in mitral valve 
area from 1.0 + 0.3 to 2.0 + 0.7 cm? (p = 0.0001). The results mirrored 
clinical improvements of symptoms and exercise tolerance in 209 patients 
(97%). The only in-hospital death occurred in a premoribund patient days 
after emergency last-resort PTMC created 3+ mitral regurgitation. Se- 
vere 3+ mitral regurgitation resulted in 6%, systemic embolisms in 1.4% 
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and atrial septal defects in 15% of the patients. There was no cardiac 
tamponade or emergency surgery. The cardiovascular event-free survival 
rate for the patients with pliable, noncalcified mitral valves was 100% up 
to 42 months; for those with calcified valves or with severe subvalvular 
lesions, or both, it was 91% at 12 months, and held at 76% from 24 to 31 
months. PTMC is safe, achieves good immediate and long-term results, 
and is the procedure of choice in selected patients with mitral stenosis. 


863 

Effects of Aerobic Exercise Training on Symptomatic Women 
with Mitral Valve Prolapse 

Kristine A. Scordo 


The effects of a 12-week aerobic exercise training protocol on 32 symp- 
tomatic women with mitral valve prolapse were studied. After a 12-week 
(3 times per week) aerobic exercise training program, the exercise group 
had a significant decrease (p <0.05) in State Trait Anxiety Inventory 
scores, an increase in General Well-Being scores, an increase in functional 
capacity and a decline in the frequency of chest pain, fatigue, dizziness and 
mood swings compared with the control group. No statistically significant 
differences were noted in resting or peak exercise catecholamines. These 
findings support the use of aerobic exercise in the management of symp- 
tomatic women with mitral valve prolapse. 


869 

Eaa AE SI SE Ee ee OA ee Se oe 
Validity of an Early Postoperative Baseline Doppler Recording 
After Aortic Valve Replacement 
Rune Wiseth, Lars Hegrenaes, Ole Rossvoll, Terje Skjaerpe, and Liv Hatle 


In 131 patients undergoing aortic valve replacement, the transprosthetic 
pressure decrease obtained at an early postoperative baseline recording 
(mean 11 days) was compared with a repeat measurement 3 to 5 months 
later. Although the hemodynamic state differed markedly at the 2 exami- 
nations, with increased heart rate and decreased left ventricular ejection 
time at the baseline recording, the change in mean pressure decrease 
between the 2 examinations was within +5 mm Hg in 82% of the patients. 
Based on these data, a routine Doppler recording before discharge after 
aortic valve replacement is recommended as a baseline for later compari- 
son. 


CONGENITAL HEART DISEASE 


873 

Ventricular Late Potentials and Induced Ventricular 
Arrhythmias After Surgical Repair of Tetralogy of Fallot 

Marc Zimmermann, Beat Friedli, Richard Adamec, and Ingrid Oberhansli 


We prospectively studied 31 asymptomatic patients with postoperative 


tetralogy of Fallot. Ventricular late potentials were detected in 10 of 31 
patients (32%), spontaneous ventricular premature complexes (VPCs) in 
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12 of 31 cases (39%) and nonsustained ventricular tachycardia (VT) was 
induced in 3 patients (10%). Patients with inducible VT more often had 
late potentials (3 of 3 vs 7 of 28, p <0.01) and VPCs during Holter 
monitoring (3 of 3 vs 9 of 28, p <0.05) than did those without them. It is 
concluded that shortly after repair of tetralogy of Fallot, the presence of 
both spontaneous VPCs and ventricular late potentials are associated with 
an increased incidence of inducible VT. Conversely, the absence of VPCs 
and late potentials may identify patients at low risk of subsequent ventric- 
ular arrhythmias. 


MISCELLANEOUS 


879 

Thallium-201 Stress Scintigraphy in Takayasu Arteritis 

Yuji Hashimoto, Fujio Numano, Yoshiaki Maruyama, Toshiyuki Oniki, 
Kenji Kasuya, Tsunekazu Kakuta, Tomoko Wada, Michiyoshi Yajima, and 
Hidenori Maezawa 


We studied 38 women with Takayasu arteritis using thallium-201 stress 
myocardial scintigraphy. Twenty (53%) had abnormal scintigraphic find- 
ings (group A). Group A patients had a tendency to be older than group N 
patients (n = 18) and to have a high prevalence of complicated aortic 
regurgitation. Echocardiographic left ventricular hypertrophy was present 
in group A. Left ventricular hypertrophy or ischemic ST change on elec- 
trocardiography was also frequent in group A. Systemic hypertension was 
observed in the catheterized group A patients. Coronary ostial stenoses 
were found in 2 group A patients. The scintigraphic abnormalities were 
responsible for a decrease in coronary reserve or myocardial damage, or 
both, due to systemic hypertension or aortic regurgitation. 
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Usefulness of Dipyridamole-Handgrip Echocardiography Test 
for Detecting Coronary Artery Disease 

Eva Mandysova, Petr Niederle, Anna Malkova, Rudolf Feuereisl, Vaclav 
Cervenka, Michael Aschermann, and Frantisek Mandys 


Ce ER AE AN ee A a a a e a 
Comparison of Manual Versus Automated Edge Detection for 
Determining Degrees of Luminal Narrowing by Quantitative 
Ceronary Angiography 

Anatoly Langer and Robert F. Wilson 


WO ig E eae 
Multiple Accessory Pathways in the Wolff-Parkinson-White 
Syndrome as a Risk Factor for Ventricular Fibrillation 

Wee Siong Teo, George J. Klein, Gerard M. Guiraudon, Raymond Yee, 
James W. Leitch, Douglas McLellan, Richard A. Leather, and You Ho Kim 
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LAN Ox! N° (DIGOXIN) TAB LETS 


125 yg (0.125 mg) Scored |.D. Imprint Y3B (yellow) 
250 ug (0.25 mg) Scored |.D. Imprint X3A (white) 
500 ug (0.5 mg) Scored |.D. Imprint T9A (green) 


Before using Lanoxin Tablets, the physician should be thoroughly familiar with the basic pharmacology of 
this drug as well as its drug interactions, indications, and usage. 


DESCRIPTION: Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 
in common specific effects on the myocardium. 
INDICATIONS AND USAGE: 
Heart Failure: Theincreased cardiacoutput resulting from the inotropic action of digoxin ameliorates the disturbances 
characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 
Digoxin is more effective in "low output” (pump) failure than in “high output" heart failure secondary to arteriovenous 
fistula, anemia, infection or hyperthyroidism. 
Digoxin is usually continued after failure is controlled, unless some known Precipitating factor is corrected. Studies 
have shown, however, that even though hemodynamic effects can be demonstratedin almost all patients, correspond- 
ing improvementin the signs and symptoms of heart failure isnot necessarily apparent. Therefore, in patients inwhom 
digoxin may be difficult to regulate, orin whom the risk of toxicity may be great (e.g. , patients with unstable renal func- 
tion or whose potassium levels tend to fluctuate) a cautious withdrawalot digoxin may be considered. If digoxinis discon- 
tinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 
CONTRAINDICATIONS: Digitalis glycosides are contraindicated in ventricular fibrillation. 
Inagiven patient, an untowardeffect requiring permanent discontinuation of other digitalis Preparations usually con- 
Stitutes a contraindication to digoxin. Hypersensitivity to digoxin itself is a contraindication toits use. Allergy to digox- 
n though rare, does occur. It may not extend to all such preparations, and another digitalis glycoside may be tried 
th caution. 
WARNINGS: Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 
digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse et- 
fects, the use of these drugs solely for the treatment of obesity is dangerous. 
Anorexia, nausea, vomiting and arrhythmias may accompany heart failure or may be indications of digitalis intoxica- 
tion. Clinical evaluation of the cause of these symptoms should be attempted before further digitalis administration. 
In such circumstances determination of the serum digoxin concentration may be an aid in deciding whether or not 
digitalis toxicity is likely to be present. If the possibility of digitalis intoxication cannot beexcluded, cardiac glycosides 
should be temporarily withheld, if permitted by the clinical situation. 
Ls pei renal insufficiency require smaller than usual maintenance doses of digoxin (see DOSAGE ANDADMINISTRA- 
section). 
Heart failure accompanying acute glomerulonephritis requires extreme care in digitalization. Relatively low loading 
and maintenance doses and concomitant use of antihypertensive drugs may be necessary and careful monitoring is 
essential. Digoxin should be discontinued as soon as possible. 
Patients with severe carditis, such as carditis associated with rheumatic fever or viral myocarditis, are especially sen- 
sitive to digoxin-induced disturbances of rhythm. 
Newborn infants display considerable variability in their toleranceto digoxin, Premature andimmature infants are par- 
ticularly sensitive, and dosage must not only be reduced but must be individualized: according totheir degree of maturity. 
Note: Digitalis glycosides are an important cause of accidental poisoning in children. 
PRECAUTIONS: 
General: Digoxin toxicity overs more frequently and lasts longer in patients with renal impairment because of the 
decreased excretion of digoxin. Therefore, it should be anticipated that dosage requirements will be decreased in pa- 
tients with moderate to severe renal disease (see DOSAGE AND ADMINISTRATION section). Because of the prolonged 
half-life, alonger period of timeis required to achieve an initial or new Steady-state concentration in patients with renal 
impairment than in patients with normal renal function. 
In patients with hypokalemia, toxicity may occur despite serum digoxin concentrations within the normal range,” 
because potassium depletion sensitizes the myocardium to digoxin. Therefore, it is desirable to maintain normal serum 
potassium levels in patients being treated with digoxin. Hypokalemia may result from diuretic, amphotericin B or cor- 
ticosteroid therapy, and from dialysis or mechanical suction of gastrointestinal secretions. Itmay alsoaccompany mainutri- 
tion, diarrhea, prolonged vomiting, oldage and long-standing heart failure. In general, rapid changes in serum potassium 
or other electrolytes should be avoided, and intravenous treatment with potassium should be reserved for special cir- 
cumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE section). 
Calcium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in digitalized 
patients. Hypercalcemia trom any cause predisposes the Patient to digitalis toxicity. On the other hand, hypocalcemia 
Can nullify the effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored to normal. 
These interactions are related to the tact that calcium affects Contractility and excitability of the heart in a manner similar 
to digoxin. 
Hypomagnesemia may predispose to digitalis toxicity. If low magnesium levels are detected ina Patient on digoxin, 
replacement therapy should be instituted. 
Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
intoxication may result. This rise appears to be Proportional to the dose. The effect is mediated by a reduction in the 
digoxin clearance and, in the case of quinidine, decreased volume of distribution as well. 
Certain antibiotics may increase digoxin creed in patients who convert digoxin to inactive metabolites in the gut 
(see Pharmacokinetics portion of the CLINICAL PHARMACOLOGY section). Recent studies have shown that specific 
Colonic bacteria in the lower gastrointestinal tract convert digoxin to cardioinactive reduction products, thereby reducin 
its bioavailability. Although inactivation of these bacteria by antibiotics is rapid, the serum digoxin concentration will 
rise at a rate consistent with the elimination half-life of digoxin. The magnitude of rise in serum digoxin concentration 
relates to the extent of bacterial inactivation, and may be as much as two-fold in some Cases. 
Patients with acute myocardial infarction or severe Pulmonary disease may be unusually sensitive to digoxin-induced 
disturbances of rhythm. 
Atrial arrhythmias associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 
taken to avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin requirements are reduced. 
Digoxin responses in patients with compensated thyroid disease are normal. 
Reduction of digoxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular arrhythmias, 
but the physician must consider the consequences of rapid increase in ventricular response to atrial fibrillation if digoxin 
is withheld 1 to 2 prior to cardioversion. If there is a suspicion that digitalis eo), exists, elective cardioversion 
should be delayed. If it is not prudent to delay cardioversion, the energy level selected should be minimal at first and 
carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 
Incomplete AV block, especially in patients with Stokes-Adams attacks, May progress to advanced or complete heart 
block if digoxin is given. 
In pe pavers with sinus node disease (i.e. Sick Sinus Syndrome), digoxin may worsen sinus bradycardia or sino- 
atrial block. 
In patients with Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of popu 
through the accessory pathway. This effect may result in extremely rapid ventricular rates and even ventricular fibrillation. 
Digoxin may worsen the outflow obstruction in patients with idiopathic hypertrophic subaortic stenosis (IHSS). Unless 
Cardiac failure is severe, it is doubtful whether digoxin should be employed. 
Patients with chronic constrictive pericarditis may fail to respond to digoxin. In addition, Slowing of the heart rate by 
digoxin in some patients may further decrease cardiac output. 
wana heart failure from amyloid heart disease or constrictive Cardiomyopathies respond poorly to treatment 
i n. 
Digoxin is not indicated for the treatment of sinus tachycardia unless it is associated with heart failure. 
Digoxin may produce false positive ST-T changes in the electrocardiogram during exercise testing. 
Intramuscular injection of digoxin is extremely painful and offers no advantages unless other routes of administration 
are contraindicated. 
Laboratory Tests: Patients receiving digoxin should have their serum electrolytes and renal function (BUN and/or serum 
Creatinine) assessed periodically; the frequency of assessments will depend on the clinical an For discussion 
of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing information, 
Drug Interactions: Potassium-depleting corticosteroids and diuretics May be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the im- 
plication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who inac- 
tivate digoxin by bacterial metabolism in the lower intestine, so that Gigitalis intoxication may result. Propantheline 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain tetee aoge mey interfere with intestinal Seun absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs 
on the serum digoxin concentration. Thyroid administration to a digitalized, hypothyroid patient may increase the dose 
fequirement of digoxin. Concomitant use of ar and sympathomimetics increases the risk of cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succinylcholine may cause a sudden extrusion of potassium from 
muscle cells, and may thereby cause arrhythmias in digitalized patients. Although f adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to control atrial fibrillation, their ad effects on AV node 
conduction can result in complete heart block. 
Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when pa- 
tients receive coadministered medications. Furthermore, caution should be exercised when combining digoxin with 
any drug that may cause a significant deterioration in renal function, since this may impair the excretion of digoxin. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in ar 
to evaluate carcinogenic potential. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been conducte: 
aan. I is also not known whether digoxin can cause fetal harm when administered to a pregnant woman ı 
atfect reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. H 
er, the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefor 
amount should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when ( 
in is administered to a nursing woman. 


ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and ro 
administration, as well as on the patient’s underly i Peete or concomitant therapies (see PRECAUTIONS st 
and Serum Digoxin Concentrations subsection of DOSAGE AND ADMINISTRATION). The overall incidence ofad 
reactions has been reported as 5 to 20%, with 15 to 20% of them being considered serious (one to four percent) 
tients receiving digoxin). Evidence suggests that the incidence of y has decreased since the introduction 
serum digoxin assay and improved standardization of digoxin tablets. Cardiac toxicity accounts for about one 
gastrointestinal disturbances for about one-fourth, and CNS and other toxicity for about one-fourth of these ad 
reactions. 
Adults: . 
Cardiac—Unitocal or multiform ventricular premature contractions, especially in bigeminal or trigeminal pattern 
the most common arrhythmias associated with digoxin toxicity in adults with heart disease. 
Ventricular tachycardia may result from digitalis toxicity. Atrioventricular (AV) dissociation, accelerated junctional (r 
rhythm and atrial tachycardia with block are also common arrhythmias caused by digoxin overdosage. 
Excessive slowing of the pulse is a clinical sign of digoxin overdosage. AV block (Wenckebach) of increasing di 
may proceed to complete heart block. 
Note: The electrocardiogram is fundamental in determining the presence and nature of these cardiac disturba 
in may also induce other changes in the ECG (e.g. PR prolongation, ST depression), which represent dij 
lect and may or may not be associated with digitalis toxicity. 
Gastrointestinal—Anorexia, nausea, vomiting and less commonly diarrhea are common early symptoms of overdo! 
However, uncontrolled heart failure may also produce such symptoms. Digitalis toxicity very rarely may cause abdo 
pain and hemorrhagic necrosis of the intestines. 
CNS—Visual disturbances (blurred or yellow vision), headache, weakness, dizziness, apathy and psychosis cano 
Other—Gynecomastia is occasionally observed. Maculopapular rash or other skin reactions are rarely observi 
Infants and Children: Toxicity differs from the adult in a number of respects. Anorexia, nausea, vomiting, diat 
and CNS disturbances may be present but are rare as initial symptoms in infants. Cardiac arrhythmias are more rel 
signs of toxicity. Digoxin in children may produce any arrhythmia. The most commonly encountered are condu 
disturbances or supraventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junct 
(nodal) tachycardia. Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impen 
digoxin intoxication, especially in infants, even in theabsenceof first degree heart block. Any arrhythmiaor alter, 
in cardiac conduction that develops in achild taking digoxin should initially be assumed to bea consequenceof di 
in intoxication. 
OVERDOSAGE: 
Treatment of Arrhythmias Produced by Overdosage: 
Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may beall that is neces 
if toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. 
Correction of factors that may contribute to toxicity suchas elect rolyte disturbances, hypoxia, acid-base disturba 
and removal of aggravating agents such as catecholamines, should also be considered. Potassium salts may b 
dicated, particularly if hypokalemia is present. Potassium administration maba dangerous in the setting of mas 
digitalis overdosage (see Massive Digitalis Overdosage subsection below). Potassium chloride in divided oral di 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is adequate 
below for potassium recommendations in Infants and Children). 
When correction of the arrhythmia is urgent and the serum potassium concentration is low or normal, potassium sh 
be administered intravenously in 5% dextrose injection. For adults, a total of 40 to 80 mEq (diluted to a concentré 
of 40 mEq per 500 mL) may be given at a rate not exceeding 20 mEq per hour, or slower if limited by pain due to! 
irritation. Additional amounts may be given if the arrhythmia is uncontrolled and potassium well-tolerated. ECG monito 
should be performed to watch for any evidence of potassium toxicity (e.g. peaking of T waves) and toobserve thee! 
on the arrhythmia. The infusion may be stopped when the desired effect is achieved. 
Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primarily relate 
supraventricular tachycardia. 
Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainamide, proprar 
and phenytoin, although use of the latter must be considered experimental. In advanced heart block, atropine ant 
temporary ventricular pacing may be beneficial. Digibind®, Digoxin Immune Fab (Ovine), can be used to reverse 
life-threatening digoxin (or digitoxin) intoxication. Improvement in signs and mamona of digitalis toxicity usu 
begins within Ye hour of Digibind administration. Each 40 mq vial of Digibind will neutralize 0.6 mg of digoxin (wi 
is a usual body store of an adequately digitalized 70 kg patient). 
Infants and Children: See Adult section for general recommendations for the treatment of arrhythmias produce 
overdosage and for cautions regarding the use of potassium. 
If a potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling 1 to 1.5 mEq 
per kilogram (kg) body weight (1 gram of potassium chloride contains 13.4 mEq K+). 
When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per hour! 
be given intravenously, with careful ECG monitoring. The intravenous solution of potassium should be dilute eno) 
to avoid local irritation; however, especially in infants, care must be taken to avoid intravenous fluid overload. 


DOSAGE AND ADMINISTRATION: Recommended di are values that may require considerable m 


ay 
because of individual sensitivity or associated conditions. Diminished renal function is the most important factor 
quiring modification of recommended doses. 
In deciding the dose of digoxin, several factors must be considered: 
1. The disease being treated. Atrial arrhythmias may require larger doses than heart failure. 
2. The body weight of the patient. Doses should be calculated based upon lean or ideal body weight. 
3. The patient's renal function, preferably evaluated on the basis of creatinine clearance. 
4. Age ts an important factor in infants and children. 
5. Concomitant disease states, drugs or other factors likely to alter the expected clinical response to digoxin (see PREC) 
TIONS and Drug Interactions sections). 


Consult complete product information betore prescribing. 


References: 1. The Captopril-Digoxin Multicenter Research Group. Comparative effects of therapy with capto 
and digoxin in patients with mild to moderate heart failure. JAMA. 1988:259:539-544. 2. DiBianco R, Shabeta 
Kostuk W, Moran J, Schlant RC, Wright R. A comparison of oral milrinone, digoxin, and their combination in 
treatment of patients with chronic heart failure. N Eng/ J Med. 1989;320:677-683. 3. Guyatt GH, Sullivan MJJ, Fal 
EL, et al. A controlled trial of digoxin in congestive heart failure, Am J Cardiol, 1988:61:371-375, 4, Gheorghiade 
Hall V, Lakier JB, Goldstein S. Comparative hemodynamic and neurohormonal effects of intravenous captopril ¢ 
ape and their combinations in patients with severe heart failure. J Am Coll Cardiol, 1989:13:134-142. 5, Am 

, Byrd RC, Meister W, et al. Long-term digitalis therapy Set left ventricular function in heart failure. N Eng 
Med. 1980;303:1443-1448. 6. Alicandri C, Fariello R, Boni E, Zaninelli A, Muiesan G. Comparison of captopril ¢ 
digoxin in mild to moderate heart failure. Postgrad Med J. 1986;62(supp! 1):170-175. 
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An Economic Evaluation of Lovastatin for 
Cholesterol Lowering and Coronary 
Artery Disease Reduction 


Joel W. Hay, PhD, Ellison H. Wittels, MD, and Antonio M. Gotto, Jr., MD, DPhil 


The costs and benefits of cholesterol lowering in 
the primary prevention of coronary artery dis- 
ease (CAD) were considered using lifetime lova- 
statin therapy as the intervention model for 
adults between 35 and 55 years of age. The 
analysis projected the benefits of CAD risk re- 
duction using estimates from the Framingham 
Heart Study. The chosen analytic perspective 
was that of the patient. 

For average-risk men with total serum choles- 
terol levels between 5.69 and 9.83 mmol/liter 
(220 and 380 mg/dl), the cost per life-year 
saved ranged from $9,000 to $106,000, where- 
as for average-risk women, the cost ranged from 
$35,000 to $297,000 (1989 U.S. dollars). In 
high-risk men (with smoking habit and hyperten- 
sion), the cost per life-year saved values ranged 
from $6,000 to $53,000, whereas in high-risk 
women the cost per life-year saved values 
ranged from $19,000 to $160,000. 

The results were more favorable than those 
found in previous studies of alternate medication 
therapies for hypercholesterolemia. Even using 
conservative parameter assumptions, at least 
800,000 Americans aged 35 to 55 years are at 
sufficiently high risk for CAD, so that the net 
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cost of lovastatin therapy can be favorably com- 
pared with other widely used medical interven- 
tions. 

(Am J Cardiol 1991;67:789-796) 


protein components have been identified as im- 
portant risk factors in coronary artery disease 
(CAD).!? A 1985 National Institutes of Health con- 
sensus conference reported that those with cholesterol 
levels =6.21 mmol/liter (240 mg/dl) (about 30% of 
the adult U.S. population) are at increased risk of pre- 
mature CAD.? A recent consensus panel update con- 
cluded that in addition to those with cholesterol >6.21 
mmol/liter (240 mg/dl), persons with cholesterol levels 
between 5.17 and 6.21 mmol/liter (200 and 240 mg/ 
dl) with added CAD risk factors should also consider 
cholesterol reduction strategies.* Analysis of death re- 
ports in roughly 365,000 men initially screened for the 
Multiple Risk Factor Intervention Trial showed that 
the increasing relation between cholesterol and age-ad- 
justed CAD death rates is continuous and graded.! 
Several studies, notably the Lipid Research Clinics 
Coronary Primary Prevention Trial and the Helsinki 
Heart Study, showed that cholesterol modification will 
prevent CAD.5-7 
Better understanding of the cost-effectiveness of 
cholesterol reduction will assist physicians, health poli- 
cymakers and patients in decisions regarding the alloca- 
tion of resources toward cholesterol screening, monitor- 
ing and preventive intervention. Thus far, the published 
evidence on the potential economic benefits has not 
been highly favorable.*-!? Currently, applicable meth- 
ods and data for economic analysis of heart disease pre- 
vention strategies are not ideal. However, in dealing 
with an issue as important as the allocation of scarce 


T otal serum cholesterol and its low-density lipo- 
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Age 35 Years 


Women (%) Men (%) 


Serum 
Cholesterol— 
mmol /liter 
(mg/dl) 


Non- 
Smoker 


Non- 
Smoker 


5.69 (220) 
7.76 (300) 
9.83 (380) 


Additional risk assumptions 


Systolic Blood Pressure 
133 1% 
Cholesterol measurements are converted at 1 mg/dl = 0.02586 mmol/liter. 


Adapted from Abbot et al.!® 
ECG = electrocardiogram. 


public and private resources to prevention of CAD, 
there is no satisfactory alternative to reasoned cost-ef- 
fectiveness arguments based on the best available data. 
The recent U.S. Food and Drug Administration mar- 
keting approval for lovastatin, a hydroxymethylglutary! 
coenzyme A reductase inhibitor, has met with substan- 
tial interest. Lovastatin has been found to be effective 
in reducing low-density and increasing high-density 
cholesterol in patients with familial and nonfamilial 
hypercholesterolemia.!*:!4 Although prospective studies 
investigating a causal reduction in CAD-related illness- 
es resulting from lovastatin intervention are not yet 
completed, the evidence from retrospective studies and 
prospective clinical trials of other lipid medications sug- 
gests that the clinical benefits of lovastatin therapy may 
be substantial.!:25-? This study examines the economic 
issues of CAD prevention through cholesterol reduc- 
tion, in the context of what is currently known about 
the clinical, economic and safety profiles for lovastatin. 


METHODS 

Our chosen measure of the costs and benefits of 
cholesterol lowering, presented from the perspective of 
the individual patient, is the present expected value of 
the cost per life-year saved.!> Reduction in CAD will 
lead to savings in indirect costs, consisting of the value 
of time gained due to reduced morbidity, disability and 
mortality. With cost per life-year saved modeling, rath- 
er than placing explicit monetary value on this expected 
time gain, benefits are measured in terms of the aver- 
age life expectancy increases resulting from interven- 
tion. For a given reduction in cholesterol, the net costs 
of intervention are standardized by the life expectancy 
gains. In this context, the net costs consist of the inter- 
vention plus side effect costs, minus the reductions in 
expected medical costs, since cholesterol lowering de- 
creases CAD. 

We estimated the CAD incidence from the Fra- 
mingham Study multivariate logistic risk equa- 
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Abnormal ECG 





Age 55 Years 
Women (%) Men (%) 


Non- 
Smoker 


Non- 


Smoker Smoker 


5.5 
8.8 
13.6 


Glucose Intolerance 
6% 


tions.!6-!° Comparisons of the Framingham CAD risk 
estimates with those from a variety of other epidemio- 
logic studies indicate a high degree of conformity. !%!° 

CAD risk increases with age and cholesterol level 
for both sexes, reaching >2% per year for many men 
and women by age 55. Table I shows the Framingham 
Study estimated 5-year risk of CAD for smoking and 
nonsmoking adults at specified cholesterol levels, 2 age 
groups and both sexes. Other model primary risk fac- 
tors (systolic blood pressure, diabetes, left ventricular 
hypertrophy by electrocardiogram) were set at popula- 
tion averages. 

Evidence on the relation between cholesterol-lower- 
ing interventions and the achievable reduction in CAD 
events is from a small number of prospective random- 
ized clinical trials. The most prominent of these, the 
Lipid Research Clinics Trial, showed a 19% reduction 
in combined fatal and nonfatal CAD associated with a 
9 to 11% decrease in cholesterol.*° These studies were 
used to develop the National Institutes of Health con- 
sensus rule of thumb that “... each 1% reduction in 
blood cholesterol level yields approximately a 2% re- 
duction in CAD rates.” The results presented here are 
based on Framingham risk equation predictions. Our 
results based on the more optimistic 1%:2% rule are 
available on request. 

We projected the effects of cholesterol levels on 
CAD risk and expected disease costs for different age 
intervals (35 to 55 years of age), 5 cholesterol levels 
(5.69 to 9.83 mmol/liter; 220 to 380 mg/dl) and both 
sexes. Unlike Berwick!® or Taylor!? and their co-work- 
ers in projecting disease risk, we made no attempt to 
adjust for individual variation in repeated cholesterol 
readings, since the Framingham equations we used 
were estimated with data from single-reading observed 
cholesterol levels. This would tend to bias our benefits 
estimates downward. 

The model conservatively ignored reduction in sec- 
ondary CAD due to cholesterol lowering. Recent Fra- 


mingham Study estimates of the reduction in secondary 
CAD events associated with a given percentage of cho- 
lesterol reduction? did not provide sufficient precision 
for adjusting our disease risk estimates. Following pre- 
vious researchers,'? we assumed that a person who re- 
duces his or her cholesterol level from (i + x) to i would 
have a corresponding reduction in CAD risk to not less 
than that of a person starting at cholesterol level i, 
based on Framingham probability estimates. We as- 
sumed the level of achievable benefits to be a fraction, 
F, of these maximum benefits. Lacking contrary evi- 
dence, F was assumed to range from 70 to 100%, with 
a baseline level of 90%. 

The value of a cholesterol-lowering intervention is 
influenced by the magnitude of cholesterol reduction 
that can be achieved and the time lag before the bene- 
fits of lower serum cholesterol levels are achieved.®*:!0 
Lovastatin, 20 mg once per evening, produces an aver- 
age 18 to 22% reduction in cholesterol, whereas 20 mg 
twice daily produces an average 28 to 30% reduction in 
cholesterol. These figures may understate the inter- 
vention benefits, since the effects of lovastatin therapy 
on high- and low-density lipid levels are better than 
would be reflected in an intervention (e.g., dietary in- 
tervention) that lowered all cholesterol lipid compo- 
nents by an equal percentage.'? Consistent with the 
findings of the Lipid Research Clinics Trial and the 
Helsinki Heart Study, we included a time lag, L, be- 
fore benefits of a cholesterol-reducing intervention are 
observed.>-7 Initially, this lag was assumed to be 2 
years, with a range of 0 to 4 years. Conservatively, no 
benefits from intervention were modeled for the initial 
period up to L. 

Cholesterol levels tend to increase with age in a 
range that averages roughly 0.03 mmol/liter (1 mg/ 
dl)/year for both men and women. Using Framingham 
Study equations, any therapeutic intervention that low- 
ers cholesterol by a fixed percentage would be more 
beneficial assuming a positive cholesterol-age trend 
than assuming a fixed lifetime cholesterol level in the 
absence of treatment. However, since the long-term ef- 
fects of lovastatin on cholesterol levels are not yet 
known, we conservatively ignored the empirical upward 
drift in cholesterol with age. 

Lovastatin is available in 20-mg tablets costing 
$1.25 per tablet. Pharmacy preparation markup aver- 
ages <30%, and is computed as (retail price — cost)/ 
(retail price).?! Liver function and ophthalmologic ex- 
aminations are required at baseline and periodically 
thereafter. An informal survey of physician practices 
suggests that these additional monitoring tests would 
add about $0.64/day to the 5-year therapy costs of lo- 
vastatin medication. To account for pharmacy costs, 
physician costs and other patient costs, we conservative- 
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ly added $1.18/day to the average daily cost for lova- 
statin, making our therapy cost estimate $2.43 /day for 
20 mg once each evening (the recommended starting 
dosage). Because the marketing patent for lovastatin 
expires in 1997, our use of this therapy cost estimate 
will likely lead to an overstatement of lifetime treat- 
ment costs. Experience with major multisource drugs 
suggests that generic lovastatin may be available at 
costs 2 to 10 times lower than the price for the brand 
name compound. 

Although serious side effects associated with lova- 
statin usage are rare, cases of myositis and rhabdomyo- 
lysis have been reported. Rare side effects may be un- 
covered when a drug proceeds beyond the clinical trial 
phase to widescale use. However, experience with ap- 
proximately 1 million patients since marketing approval 
suggests that the incidence of adverse effects thus far 
has been extremely low.2? Even if some such side ef- 
fects were later found to be associated with lovastatin 
use, they would probably not add substantially to the 
total cost of therapy. For example, a hypothetical 1 / 
10,000 adverse effect or complication costing $200,000 
to treat would add an average $20 to the lifetime pa- 
tient-therapy costs. (Long-term side effects are dis- 
cussed later.) 

Life expectancy and age- and sex-specific probabili- 
ties of mortality from causes other than CAD were tak- 
en from U.S. vital statistics.2324 We used Framingham 
Study data on the reduction in survival years of life 
after an initial occurrence of myocardial infarction and 
angina pectoris to adjust the age- and sex-specific life 
expectancies for the premature death of patients with 
CAD not dying during the first episode of CAD.?0.25.26 

We used national data?’ on the reported annual in- 
crease in bed disability days for patients with CAD rel- 
ative to the general population to adjust life expectancy 
for nonfatal CAD at each age level under the assump- 
tion that bed disability days were equivalent to 75% of 
healthy days. As shown below, the results are seldom 
changed if bed disability days are assumed to be equiv- 
alent to any fraction (0 to 100%) of healthy days. The 
base case annual discount rate used in the analysis was 
5%, with a range of 3 to 7%.!° 

Medical costs for treating specific CAD diagnoses 
have risen substantially over the past 20 years. No 
comprehensive national database exists that would al- 
low calculation of the average cost of medical treatment 
for each type of CAD outcome. We opted to calculate 
average costs of medical care by developing an expert 
consensus of patient prognosis, outcome and medical 
resource use for each of the initial diagnostic events de- 
fined in the Framingham Study.?® The medical deci- 
sion model was based on clinical expert judgment re- 
garding appropriate state-of-the-art treatment, as 
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practiced in advanced CAD treatment and research fa- 
cilities. As shown below, the level of medical costs has a 
relatively small effect on cost per life-year saved esti- 
mates. 


RESULTS 

The base case model results are presented in Table 
II for average levels of Framingham equation risk fac- 
tors other than cholesterol. The analysis is based on an 
intervention of lovastatin, 20 mg/day, up to age 75. It 
was assumed that this intervention would achieve an 


average of 20% reduction in cholesterol levels, at an 
annual cost of $886. 

The effects of cholesterol lowering on CAD risk is 
greatly impacted by the level of other disease risk fac- 
tors besides age, sex and initial cholesterol level. The 
Framingham Study equations implied a multiplicative 
rather than an additive relation. Table III gives cost per 
life-year saved values for the same intervention (lova- 
statin 20 mg/day) in high-risk adults. These persons 
were assumed to have systolic blood pressures of 180 
mm Hg. They were assumed to be at an average risk 


TABLE İl Baseline Case Cost Per Life-Year Saved: By Age, Cholesterol ($1,000s) 


Age 35 Years 
Serum Women 
Cholesterol— 
mmol/liter 
(mg/dl) 


5.69-4.55 
(220-176) 
6.72-5.38 
(260-208) 
7.76-6.21 
(300-240) 
8.79-7.03 
(340-272) 
9.83-7.86 
(380-304) 


Additional model assumptions 


20% Cholesterol Reduction 
with Two Years Required to Achieve Benefits 


Non- 


Smoker Smoker 


$46 


Age 55 Years 
Women Men 


Non- 
Smoker 


Non- 


Smoker Smoker Smoker Smoker 


IIIa 


Discount 
Rate 
5.0% 


Prevention 
Costs/Year 
$886 


Age 35 Years 


Serum Women 
Cholesterol— 
mmol/liter 


(mg/dl) 


5.69-4.55 
(220-176) 
6.72-5.38 
(260-208) 
7.76-6.21 
(300-240) 
8.79-7.03 
(340-272) 
9.83-7.86 
(380-304) 


Additional model assumptions 


20% Cholesterol Reduction 
with Two Years Required to Achieve Benefits 


Non- 


Smoker Smoker 


$89 
$57 
$37 


$24 


Systolic 
Blood Pressure 
133 mm Hg 


Abnormal 
ECG 
1% 


Glucose 
Intolerance 
6% 


Age 55 Years 
Women Men 


Non- 
Smoker 


Non- 


Smoker Smoker Smoker 


AE 2 ae a L a a ee 


Discount 
Rate 
5.0% 


Prevention 
Costs /Year 
$886 


ECG = electrocardiogram. 
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Systolic 
Blood Pressure 
180 mm Hg 


Glucose 
Intolerance 
6% 


Abnormal 
ECG 
1% 
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for diabetes and left ventricular hypertrophy seen on 
the electrocardiogram. Although not shown in the ta- 
ble, the addition of diabetes as a CAD risk factor in 
women with high blood pressure and smoking habits 
reduced cost per life-year saved values to <$26,000 
for cholesterol levels >6.72 mmol/liter (260 mg/dl). 
Women with multiple heart disease risks lost much of 
their female risk advantage. 

Tables II and III suggested a simple initial choles- 
terol screening strategy. Those with >3 CAD risk fac- 
tors (male sex, high blood pressure, smoking habit, left 
ventricular hypertrophy seen on the electrocardiogram 
or diabetes) would have cost per life-year saved values 
<$30,000 for the base case cholesterol-reducing inter- 
vention, even with moderately elevated (6.72 mmol /li- 
ter; 260 mg/dl) cholesterol. Under our assumptions, it 
would be cost-effective to intervene in these high-risk 
subgroups relative to other patients. 

Savings in direct medical costs: As is apparent from 
the positive cost per life-year saved values in Table III, 
even for high-risk men the base case cholesterol-reduc- 
ing intervention would not reduce the expected amount 
of restorative CAD medical treatment enough to lower 
average total net medical costs. Thus, from a narrow 
health care expenditure perspective, lovastatin therapy 
would be considered as “cost-enhancing” rather than 
“cost-reducing.” Nevertheless, the cost of saving a year 
of life with lovastatin therapy for high-risk patients 
would compare favorably with a broad spectrum of 
other medical interventions (see Figure 1 ).?? Lovastatin 
was also cost-effective relative to cholestyramine or co- 
lestipol, since it achieved more than double the average 
reduction in cholesterol at a similar cost in therapy.&%1! 

Model sensitivity analysis: Table IV summarizes 
the effects of changing parameter values on the calcu- 
lated net benefits of cholesterol intervention. Overall, 
this sensitivity analysis shows the base case results to be 
quite stable. Large changes in key parameters have less 


effect on model results than, e.g., the differences be- 
tween base case male and female results. 

Changes in the assumed level of cholesterol reduc- 
tion that can be achieved have substantial impact on 
cost per life-year saved values. Lovastatin and other 
cholesterol reduction interventions have widely varying 
efficacies among subjects. Because of the sensitivity of 
the cost per life-year saved results to the assumed inter- 
vention efficacy, these variations would lead to substan- 
tial variance in projected CAD risk reduction and esti- 
mated cost per life-year saved values among persons. 
As expected, changes in the ratio of CAD patient sur- 
vival relative to average survival led to about a one-for- 
one percent change in cost per life-year saved values. 

Changes in the daily therapy costs led to slightly less 
than one-for-one percent changes in cost per life-year 
saved values. Table IV suggests that the assumed level 
of CAD medical care costs would not have a major 
impact on model calculations. If medical care costs 
were either doubled or were zero, the cost per life-year 
saved values would only change by <20%. This high- 
lights the finding that most of the benefits of reducing 
CAD risk were related to increased life expectancy 
rather than reduced medical costs. The percentage used 
to weigh patient bed disability days in relation to 
healthy days had little impact on results. 

Another issue we considered was the potential ad- 
verse effects from long-term usage of lovastatin. It is 
not possible to extrapolate the long-term effects of lo- 
vastatin on, e.g., liver or kidney function. However, for 
the sake of argument, suppose that each patient under- 
going long-term lovastatin therapy had a 20% chance 
of major health problems after 30 years, resulting from 
long-term medication side effects, and that these health 
problems would then cost an average $100,000 to treat. 
Using our base case discount rate of 5%, this scenario 
would have about the same effect on results as adding 
$1/day to therapy costs. 


($ Thousands) 


Mild Hypertension 
Estrogen Therapy 


Neonatal Int. Care 


FIGURE 1. Medical intervention cost-ef- 
: cost per life-year compari- 
sons. Int. = intensive; mod. = moderate. 
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TABLE IV Summary of Model Sensitivity Analysis* 


Baseline 
Value 


Change 


Value Women Men 


$100 
$81 
$122 
$90 
$128 


Parameters 


Model baseline 


Discount rate 5% 3% 
7% 
100% 
70% 
O years 
4 years 
30% 
10% 
200% 


Fraction of maximal 90% 
potential benefits 
Years to achieve benefits 2 years 


Cholesterol reduction 20% 


Acute medical care costs 100% 


Therapy intervention $2.43 
costs per day 
Index of survival after 
initial heart disease event 
Therapy compliance 
Bed disability (% of 
healthy days) 


100% 


100% 
75% 


* Costs per life-year saved ($1000s) for cholesterol intervention: Age 35, cholesterol 
7.76 mmol/liter (300 mg/dl). Other coronary artery disease risk factors are set at 
U.S. population average levels. 

t Difference with the baseline was less than rounding to the nearest $1,000. 





Drug therapy compliance: An unknown factor in 
modeling the benefits of a new drug therapy is the 
achievable level of therapy compliance. Small to mod- 
erate deviations from full compliance would not have 
adverse impacts on cost per life-year saved values (Ta- 
ble IV), because although small lovastatin dose reduc- 
tions due to noncompliance have less than a one-for- 
one impact on the percentage of cholesterol reduction 
achieved, noncompliance would cause a one-for-one re- 
duction in medication costs, since tablets not taken 
would be available for future use. 

Comparison with fatality risk reduction with seat 
belt use: Resources allocated to prevention of CAD are 
scarce and must compete with resources allocated to 
other social goals. To put the CAD risk reduction po- 
tential in a different context, we compared the 5-year 
mortality risk reduction achievable with a 20% choles- 


terol reduction to the potential maximum mortality risk 
reduction achievable through mandatory seat belt use. 
Like CAD, motor vehicle trauma is a major source of 
preventable mortality and disability across all age and 
sex cohorts. In the U.S. it is also a leading cause of 
years of potential life lost.” Although the actual com- 
pliance cost is unknown, achieving full population seat 
belt usage compliance is far from without cost. Only 
33% of U.S. drivers were recently observed to use seat 
belts, despite mandatory seat belt laws in 29 states.>! 

Table V lists the 5-year mortality risk-reduction 
benefits of a 20% cholesterol-reducing intervention for 
adult men and women as multiples of the mortality risk 
reduction achievable from compulsory seat belt use at 
various age and cholesterol levels, holding CAD risk 
factors other than cholesterol at average levels.*? For 
both men and women, the relative benefits of this inter- 
vention ranged from about equal to the benefits of 
mandatory seat belt use at the lower age and cholester- 
ol levels to 25 to 74 times greater at the higher age and 
cholesterol levels. 


DISCUSSION 

In contrast to previous findings in published reports, 
we concluded that current cholesterol medication could 
be economically justified, particularly for persons with 
high levels of primary CAD risk factors. About 8 mil- 
lion U.S. men (35%) aged 35 to 55 years have choles- 
terol levels =6.21 mmol/liter (240 mg/dl). Under 
the conservative assumption that in this cohort the 
prevalence of cigarette smoking habit (39%)*? and hy- 
pertension (25% of U.S. males aged 35 to 55 years with 
systolic blood pressure >140 mm Hg)*4 are indepen- 
dent of the cholesterol distribution, 2800,000 U.S. men 
aged 35 to 55 are at sufficiently high risk for CAD, so 
that the net cost of drug therapy would be <$35,000/ 
year of life saved. For women, because the incidence of 
CAD is lower up to age 55, the benefits of intervention 


TABLE V Five-Year Mortality Risk Reduction from a 20% Cholesterol-Lowering Intervention Relative to Mandatory Seat Belt 


Usage: By Age, Sex and Cholesterol Levels 
Age 35 Years 


Serum Women Men 
Cholesterol— 
mmol /liter 


(mg/dl) 


5.69-4.55 
(220-176) 

7.76-6.21 
(300-240) 

9.83-7.86 
(380-304) 


Non- 
Smoker 


Non- 


Smoker Smoker 


Age 55 Years 
Women Men 


Non- 
Smoker 


Non- 


Smoker Smoker Smoker 


Index of death risk reduction from mandatory seat belt use = 1.0 for each age and sex category. 
Adapted from References 18, 31 and 32. 
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are not as great. Nevertheless, there are a large number 
of high-risk persons in the U.S. for whom the net cost 
of cholesterol reduction could be favorably compared to 
either losses in expected wage earnings or to other 
widely used medical interventions. 

We have avoided presenting estimates of the eco- 
nomic benefits for older adults (aged >56 years). This 
is not because there are no benefits from cholesterol 
reduction in an older population, but because recent in- 
vestigations suggest that the ratio of total to high-densi- 
ty cholesterol may be more important as a risk factor in 
older persons than is the cholesterol level by itself.35 
CAD risk equations incorporating high-density lipid 
fractions were not available for our research. If high- 
density lipid levels are important in adjusting CAD risk 
in the elderly, then given the high incidence of CAD in 
this age group, the clinical and economic benefits of a 
therapeutic intervention such as lovastatin, which both 
lowers cholesterol and raises high-density lipid frac- 
tions, could be substantial. 

We opted to use modeling assumptions that provide 
lower estimates of the benefits of cholesterol reduction 
than would result from other equally justifiable model- 
ing assumptions. For example, we used the Framing- 
ham Study rather than the often cited “1%:2% rule” to 
provide estimates of CAD lowering through cholesterol 
reduction. We used Framingham cholesterol risk coef- 
ficients based on single-reading cholesterol measure- 
ments, even though these may substantially underesti- 
mate the true risk. We ignored the beneficial effects of 
lovastatin therapy on high- and low-density lipid frac- 
tions and considered only its effects on total serum cho- 
lesterol. We conservatively ignored the empirical up- 
ward drift in cholesterol level as subjects age. 

We use a 5% rate of economic time discount despite 
the fact that the historical inflation-adjusted rate of in- 
terest is closer to 2% in the U.S. and many other coun- 
tries. We measured savings for avoided medical care 
due to decreased CAD risk only for 5 years after dis- 
ease onset. We did not assume that cholesterol lowering 
has any benefits on secondary disease after CAD onset. 
Moreover, we assumed that cholesterol lowering pro- 
duces no decrease in CAD risk for a period of 2 years 
from initiation of therapy. Finally, because of lack of 
data and broadly acceptable methods, we ignored the 
important potential improvements in quality of life re- 
sulting from reduction in CAD incidence. 

Better information on the outcome efficacy of lova- 
statin and other cholesterol reduction interventions is 
needed to establish firm guidelines for efficient alloca- 
tion of health care resources in reducing CAD risk. To 
show significant all-cause mortality differences in pro- 
spective intervention trials, future studies may require 
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sample sizes and research costs that are an order of 
magnitude larger than those of previous clinical trials. 
Our analysis raises the possibility that broader choles- 
terol intervention strategies may be cost-effective. For 
example, it might be appropriate to consider cholesterol 
lowering in patients with moderately elevated cholester- 
ol, but with refractory smoking habits. Given the sub- 
stantial social and economic burdens CAD imposes on 
society, further prospective research into the outcome 
efficacy of hypercholesterolemia medication is crucial 
to development of informed CAD prevention policy, 
and would be justified despite the high research cost. 
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Effects of Time Required for Reperfusion 
(Thrombolysis or Angioplasty, or Both) and 
Location of Acute Myocardial Infarction on Left 
Ventricular Functional Reserve Capacity 
Several Months Later 


Thomas Little, MD, Marshall Crenshaw, MD, Henry A. Liberman, MD, Louis L. Battey, MD, 
Robert Warner, MD, André L. Churchwell, MD, Robert L. Eisner, PhD, Douglas C. Morris, MD, 
and Randolph E. Patterson, MD 


The purpose of this study was to determine 
whether reperfusion of acute myocardial infarc- 
tion (AMI) by recombinant tissue-type plasmino- 
gen activator (rt-PA) or percutaneous translu- 
minal coronary angioplasty, or both, would im- 
prove left ventricular (LV) function when it is 
measured several months later at rest or maxi- 
mal bicycle exercise, or both. Radionuclide angi- 
ography was performed in 44 patients 5 months 
(range 6 weeks to 9 months) after AMI to assess 
function, and tomographic myocardial thallium- 
201 imaging was performed at maximal exercise 
and delayed rest to determine whether there was 
any evidence of myocardial ischemia. As expect- 
ed, no patient had chest pain or redistribution of 
a thallium defect during the exercise test, be- 
cause patients had undergone angioplasty (n = 
28) or coronary bypass graft surgery (n = 5) 
where clinically indicated for revascularization. 
The LV ejection fraction was plotted as a func- 
tion of the time elapsed between the onset of 
chest pain and the time when coronary angiogra- 
phy confirmed patency of the infarct-related ar- 
tery (achieved in 91% of 44 patients by rt-PA [n 
= 31] or percutaneous transluminal coronary an- 
gioplasty [n = 9]). Functional responses differed 
markedly between patients with anterior (n = 
20) versus inferior (n = 24) wall AMI. LV ejec- 
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tion fraction during exercise correlated with time 
to reperfusion in patients with an anterior wall 
AMI (r = —0.58; standard error of the estimate 
= 11.9%; p <0.02) but not in patients with an 
inferior AMI (r = 0.10; standard error of the es- 
timate = 13.1%; difference not significant). LV 
ejection fraction was higher in patients with an 
anterior AMI reperfused early (<4.5 hours, n = 
8) versus late (>4.5 hours or not at all, n = 12) 
at rest (44 + 8 vs 32 + 9%, p <0.004) and exer- 
cise (53 + 9 vs 33 + 11%, p <0.0005). In con- 
trast, the ejection fraction of patients with an in- 
ferior wall AMI (n = 24) was not different from 
that of patients reperfused early (n = 17) versus 
late or not at all (n = 7), at rest (42 + 8 vs 46 + 
12%; difference not significant) or exercise (46 
+ 12 vs 55 + 12; difference not significant). It is 
thus concluded that global LV function and func- 
tional reserve during exercise were both im- 
proved by reperfusion early (<4.5 hours) in pa- 
tients with an anterior wall AMI, but not in pa- 
tients with an inferior wall AMI. Preservation of 
LV function during exercise was related to how 
early reperfusion was achieved in patients with 
anterior but not inferior wall AMI. 

(Am J Cardiol 1991;67:797-805) 


by coronary reperfusion is an evolving strategy 

that seeks to limit infarct size and preserve 
myocardial function.’ A reduction in mortality by re- 
perfusion therapy is now well established,2-4 although 
this benefit has been conferred primarily on patients 
with an anterior wall AMI in most studies. It has been 
suggested that preservation of left ventricular (LV) 
function after AMI may improve long-term prognosis 
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TABLE I Results of Study 


Inferior Wall MI 


Anterior Wall MI 


Early Late Early Late 


Patient data 
No. of pts. 
M:F 
Mean age (yr) 
Systemic hypertension 
Heart failure 
Prior infarct 
Proximal occlusion* 
Collateral vessels 
Medications 
B blockers 
Calcium blockers 
B/calcium blockers 
Vasodilator 
Antiarrhythmic 
Digoxin 
Exercise SPECT thallium-201 
Time reperfused (hours) 
Number 
Exercise test data 
Max heart rate (min~!) 132 132 
Max blood pressure (mm Hg) 172 156 
Rate X pressure (mmHg/min) 23,000 25,000 21,000 21,000 
Angina on exercise test 0 0 o 0 
ECG (= 0.1 mV ST flat 2 1 1 1 
depression) 
Thallium redistribution 0 0 
* Proximal to first septal perforator in anterior infarct or proximal to posterior 
descending artery or largest obtuse marginal in inferior infarct. 


ECG = electrocardiogram; Max = maximal; MI = myocardial infarction; SPECT = 
single photon emission computed tomography 
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even if there is no demonstrable improvement in short- 
term prognosis. This improvement may arise because 
future infarcts would occur in the setting of better LV 
function; the final, improved ejection fraction would re- 
sult in an improved prognosis.6-8 

Early studies of LV function after coronary reperfu- 
sion by thrombolytic agents yielded conflicting re- 
sults.”-!2 The need for intracoronary as opposed to in- 
travenous administration of a thrombolytic agent in 
these studies delayed reperfusion and reemphasized the 
importance of early reperfusion.'? Recent studies using 
intravenously administered streptokinase and recombi- 
nant tissue-type plasminogen activator (rt-PA) have be- 
gun to demonstrate improved LV function.'4!> This 
benefit has been most apparent in patients with an an- 
terior wall AMI, with variable results in patients with 
an inferior wall AMI.!6 Because small changes in re- 
gional LV function may be compensated for by hyper- 
kinesia in noninfarcted segments early after AMI,!7"!? 
the LV ejection fraction at rest may be a relatively in- 
sensitive means of evaluating the preservation of LV 
function by reperfusion early after AMI. An evaluation 
of LV function months after AMI, during exercise, 
should provide a more sensitive method in this setting, 
particularly for inferior wall AMI, because hyperkinetic 
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myocardium returns toward normal, and myocardium 
that is hyperkinetic at rest has a reduced capacity to 
increase its function further during exercise. 

Accordingly, the purpose of this study was to evalu- 
ate LV function in patients reperfused by intravenous 
rt-PA or percutaneous transluminal coronary angio- 
plasty, or both. LV function was measured at rest and 
during maximal exercise using equilibrium-gated radio- 
nuclide ventriculography 5 months (range 6 weeks to 9 
months) after AMI. 


METHODS 

Patient enrollment: Patients were enrolled from a 
clinical trial of rt-PA, the methods of which have been 
reported in detail.2° All patients presenting to our hos- 
pital who fit the criteria were offered rt-PA by protocol, 
and over 90% accepted. Briefly, enrolled patients were 
between the ages of 18 and 75 years old, with chest 
pain typical of angina pectoris that lasted 30 minutes to 
8 hours and that was not responsive to nitroglycerin. 
The pain was accompanied by characteristic electrocar- 
diographic findings of AMI (0.2 mV ST-segment ele- 
vation in >2 leads). Three patients, excluded from the 
rt-PA trials because of a bleeding disorder or cardiopul- 
monary resuscitation, were reperfused by angioplasty 
alone and were included in the present study. Eighty- 
five patients were eligible for this study because they 
had received rt-PA or had undergone percutaneous 
transluminal coronary angioplasty during AMI, and 44 
of these participated. Reasons for nonparticipation in- 
cluded 7 deaths, 6 patients with noncardiac disabilities 
that precluded exercise, 23 who were lost to follow-up 
and 5 who refused to participate. 

Population: Clinical characteristics and exercise test 
data for the 44 patients in this study are listed in Table 
I. 

Treatment protocols: During AMI, the specific pro- 
tocols randomized patients in a double-blinded manner 
to receive intravenous rt-PA (0.75 mg/kg over 60 min- 
utes) or placebo. Coronary angiography was performed 
at 60, 90 and 120 minutes, and the degree of antero- 
grade flow in the infarct-related vessel was assessed by 
the criteria of the Thrombolysis in Myocardial Infarc- 
tion trial.2! Reestablishment of grade 2 or 3 flow on a 
scale of 0-3 that persisted to the end of the angiograph- 
ic procedure was the criterion for the infarct-related ar- 
tery to be considered successfully reperfused. After the 
first arteriogram (60 minutes), the study was unblinded 
and percutaneous transluminal coronary angioplasty 
made available to patients who had received placebo. 

A second protocol treated all patients with rt-PA, 
either 0.75 mg/kg over the first hour followed by 0.5 
mg/kg for the next 2 hours or 1.2 mg/kg during the 
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first hour followed by 0.8 mg/kg during the next 2 
hours. Coronary angiography was performed at 45 and 
90 minutes. After 90 minutes of therapy, all treatment 
modalities were made available to the patient. Reperfu- 
sion was by rt-PA alone (n = 10), percutaneous trans- 
luminal coronary angioplasty alone (n = 3), or both (n 
= 31). 

All patients were treated with 5,000 U of heparin 
during cardiac catheterization, followed by a mainte- 
nance infusion adjusted to keep the partial thrombo- 
plastin time at 1.5 to 2 times the control level. Repeat 
coronary angiography was performed before discharge 
for clinical indications at the discretion of the patient’s 
primary physician. If, in the opinion of the patient’s 
private physician, there was much myocardium with 
persistent contraction supplied by critically stenosed 
coronary arteries, then the patient was referred for per- 
cutaneous transluminal coronary angiography (if only | 
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such artery was seen) or coronary artery bypass graft 
surgery (if multiple such arteries were seen). 

Exercise radionuclide ventriculography (Figure 1): 
This procedure was performed at rest and during 
maximal supine exercise with a bicycle ergometer?? 
5 months (range 6 weeks to 9 months) after AMI. 

Both rest and exercise scans were performed with a 
General Electric STARCAM camera in the modified 
left anterior oblique view, positioned to provide optimal 
separation of the right and left ventricles.23 Exercise 
was begun at a work load of 25 W and increased by 
25-W increments at 4-minute intervals. Imaging was 
performed during the last 3 minutes of each stage. 
Symptoms, heart rate and arterial blood pressure were 
monitored and recorded in each stage. 

Rest and exercise LV ejection fraction were deter- 
mined automatically using the General Electric PAGE 
cardiac program, developed in collaboration with 1 of 
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FIGURE 1. Left anterior oblique views of the gated blood pool scans obtained at rest (left) and maximal supine bicycle exercise 
(right), with the left ventricular time activity curve and end-diastolic and end-systolic outlines shown below each view, for 1 pa- 
tient (above) with an anterior wall acute myocardial infarction reperfused early and for an~*her (below) with an anterior wall 


acute myocardial infarction reperfused late. Left ventricular ejection fraction (EF) was hig 


at rest or exercise in the patient 


reperfused early, and increased from rest (left) to exercise (right) in the patient reperfused early (above) but not late (below). 
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our authors (RLE). The end-diastolic (maximal LV 
counts) and end-systolic (minimal LV counts) frames 
are determined from the background-subtracted LV 
images. Ejection fraction is determined as: 100 - (end- 
diastolic — end-systolic) /(end-diastolic) counts. 

After edge detection, background subtraction and 
ejection fraction determination, 2 investigators evaluat- 
ed and confirmed the results of the automatic determi- 
nations through (1) an examination of the cine display 
of the gated cardiac data with edge boundary points 
superimposed; (2) an evaluation of the background- 
subtracted left ventricle at diastole and systole to ensure 
that surrounding chambers or structures were not in- 
cluded in the LV region of interest; (3) an evaluation of 
the systolic and diastolic images after subtraction of the 
background-subtracted LV image to ensure that an ap- 
propriate level of background counts was subtracted; 
and (4) evaluation of gating by comparison of the com- 
puter-selected heart rate with the simultaneous electro- 
cardiogram and notation of the ratio of computer-re- 
jected to computer-accepted beats. All studies were in- 
terpreted by investigators unaware of the clinical status 
of the patients. LV function was compared on paired 
cine displays that were not labeled to distinguish rest 
from exercise studies. 

Exercise thallium-201 scintigraphy (Figure 2): Af- 
ter an overnight fast, patients were interviewed by a 
cardiologist who then supervised a symptom-limited ex- 
ercise treadmill test according to the Bruce protocol, 
while a 12-lead electrocardiogram was recorded as de- 
scribed previously.2* The rest electrocardiogram was 
analyzed for baseline ST-T wave abnormality, evidence 





FIGURE 2. Thallium-201 tomography (TOMO) bull’s-eye 
(BULLSEYE) displays at stress (left) and 3-hour delay (right) 
in 1 patient with an anterior wall defect and no redistribution 
to indicate anterior wall acute myocardial infarction, with no 
evidence of ischemia. Bull’s-eye displays above show relative 
counts, whereas displays below show blackened areas over 
the regions identified as abnormal by comparison with our 50- 
patient normal file. This patient, like all others in this study, 
showed no evidence of myocardial ischemia by symptoms or 
thallium-201 during the exercise test. 
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of prior AMI (Q waves >0.03 second that were 24 
the depth of the R wave) and LV hypertrophy.”° The 
criterion for a positive electrocardiographic response to 
exercise was 0.1 mV flat or downsloping ST-segment 
depression 0.08 second after the J point in 23 consecu- 
tive heart beats with a normal baseline ST-T wave seg- 
ment. If the baseline electrocardiogram was abnormal 
or if the patient was receiving digitalis, then the test 
was classified as equivocal if there was 20.1 mV flat or 
downsloping ST-segment depression. No patient in this 
study had normal thallium-201 distribution, was receiv- 
ing digitalis or had chest pain during the exercise test. 
In addition, patients were required to reach 85% of 
age-predicted maximal heart rate to be included in this 
analysis. The patients were exercised to a symptomatic 
end point of dyspnea, fatigue or leg discomfort. Patients 
were not stopped simply because of achieving a target 
heart rate, but would have been stopped for cardiac 
arrhythmias or ST-segment depression if it had been 
>0.25 mV.25 Patients had an intravenous catheter 
placed before the exercise test and were asked to tell 
the physician when they felt that they could only exer- 
cise for 60 seconds more, at which time 3.5 mCi of 
thallium-201 was injected. 

Tomographic image acquisition and processing: 
Immediately after treadmill exercise, patients were 
seated for a recovery period of 2 to 3 minutes and then 
walked to a tomographic imaging system (General 
Electric model 400 AT with Star computer). The gam- 
ma camera was positioned to start in approximately the 
45° right anterior oblique view and rotated through an 
anterior 180° arc. Thirty-two planar views were ob- 
tained (40 seconds/view). After the initial period of im- 
aging, which required about 22 minutes, the patient 
was asked to return for delay images 3 hours after the 
beginning of the first image acquistion. 

Before tomographic reconstruction, the images were 
analyzed for patient motion during acquisition by a 
program recently developed in this laboratory.”° 

“Bull’s-eye” processing and quantitative analysis 
(Figure 2): The investigator processing the tomographic 
thallium-201 data had no knowledge of the patients’ 
clinical status. From the smoothed view data, 1-pixel- 
thick transaxial slices were reconstructed using a con- 
ventional ramp-filtered back-projection algorithm with- 
out any attenuation correction (General Electric model 
400 AT with Star computer). An oblique-angle slice 
reconstruction procedure (General Electric model 400 
AT with Star computer) and quantitative analysis were 
performed. Each short-axis slice was subjected to a 
maximal count circumferential profile analysis.*4?7 For 
all slices, except the first 2 apical slices, the maximal 
count was determined along 40 radial vectors (i.e., 9° 
angular increments) that emanated from an operator- 
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defined center of the left ventricle. In contrast to other 
approaches, no slice-to-slice normalization procedure 
was forced on the data, so that relative count variations 
from slice to slice could be appreciated in the quantita- 
tive images. This bull’s-eye image has the counts corre- 
sponding to the apical region in the center, while the 
counts in the basal region are shown in the outer por- 
tions. The bull’s-eye image has an inherent fish-eye dis- 
tortion, so that 1 pixel at the center of the image corre- 
sponds to a larger mass (volume) of the myocardium 
than does a pixel at the periphery of the image. 

The normal bull’s-eye images reflect the average 
distribution of thallium-201 from the normal female (n 
= 50) and male (n = 50) populations.?5 

The tomographic thallium-201 studies were inter- 
preted by 2 physicians unaware of the patients’ clinical 
status. Defects were defined as an area over 3% of the 
total LV area and >3.0 standard deviations below the 
sex-matched normal file. We defined redistribution as a 
change of 1.0 standard deviation in severity of the de- 
fect between stress and 3-hour delay studies. 

Statistical analysis: Ejection fractions were com- 
pared between groups of patients using Student’s z test 
for unpaired data, and the change in ejecton fraction 
between rest and exercise was evaluated using Stu- 
dent’s ¢ test for paired data.?8 The relation between 
ejection fraction and time of reperfusion was analyzed 
using linear regression, correlation coefficients and 1- 
way analysis of variance to determine whether the slope 
differed from 0.8 A p value <0.05 was required for 
statistical significance, whereas 0.05 < p < 0.10 was 
reported as marginally significant. 


RESULTS 

Reperfusion was achieved with rt-PA in 31 patients 
and with percutaneous transluminal coronary angio- 
plasty in 9 patients. Reperfusion was not achieved in 4 
patients (9%). Percutaneous transluminal coronary an- 
gioplasty was performed after successful reperfusion 
with rt-PA in 28 patients, and surgical revasculariza- 
tion was achieved in 5 patients. 

The relation between the exercise ejection fraction 
and the time of reperfusion for patients with an anterior 
wall AMI is shown in Figure 3. Only the exercise ejec- 
tion fraction for anterior wall AMI demonstrated a sig- 
nificant relation to the time of reperfusion (r = —0.58; 
standard error of the estimate 11.9%; p <0.02). 
Ejection fractions both at rest and during exercise were 
greater for patients with an anterior wall AMI reper- 
fused early (within 4.5 hours) after the onset of chest 
pain. This time interval was selected by an initial inter- 
est in evaluating the effects of rt-PA administered with- 
in 4 hours, plus the 0.5 hour required for the opening of 
the artery, as well as by inspection of the data. The 4.5- 


hour time interval was used for subsequent analysis of 
early and late reperfusion. 

Figure 4 demonstrates the change in LV ejection 
fraction in patients with an anterior wall AMI reper- 
fused early versus late or not at all. The ejection frac- 
tion at rest of the patients reperfused early (44 + 8%) 
was significantly greater than that of the patients reper- 
fused late or not at all (32 + 9%, p = 0.004). In addi- 
tion, the group reperfused early had an increase in ejec- 
tion fraction during exercise (to a maximal ejection 
fraction of 53 + 9% with early reperfusion vs 33 + 
11% with late or no reperfusion; p = 0.0005). Of the 8 
patients in this early reperfused group, ejection fraction 
during exercise was increased in 7, and 1 patient devel- 
oped frequent ventricular premature beats during exer- 
cise that prevented accurate gating of the exercise gated 
blood pool scan. 

Among the 12 patients with an anterior AMI who 
were reperfused after 4.5 hours or not at all, technically 
satisfactory exercise gated blood pool scans were ob- 
tained in 11. Only 3 of these had an increase in ejection 
fraction with exercise. Overall, the mean ejection frac- 
tion at rest in this group (32 + 9%) was unchanged by 
exercise (32 + 11%). 

There was no difference in congestive heart failure, 
previous AMI, hypertension or valvular heart disease 
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between the patients reperfused early and late (Table 
I). 

Among the patients with an inferior wall AMI, no 
subset showed a correlation between time to reperfusion 
and exercise ejection fraction (Figure 5) or ejection 
fraction that was improved by early reperfusion at rest 
or during exercise (Figure 6). The ejection fraction at 
rest (43 + 9%) increased with exercise in 18 patients 
and was significantly higher during exercise for the 
group as a whole (49 + 13%, p <0.004). 


DISCUSSION 

The results of the present study of 44 patients dem- 
onstrate improved LV function at rest and exercise 5 
months (range 6 weeks to 9 months) after administra- 
tion of rt-PA to interrupt AMI. Improvement was lim- 
ited to patients who had an anterior AMI and to those 
whose infarct-related artery was revealed by angiogra- 
phy to be patent within 4.5 hours of the onset of chest 
pain. In contrast, all patients with an inferior wall AMI 
and those with an anterior wall AMI in whom patency 
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FIGURE 4. Left ventricular ejection fraction at rest and exer- 
cise in 2 groups of patients studied several months after an 
anterior wall acute myecardial infarction. The group on the 
left had documented reperfusion early (<4.5 hours after onset 
of chest pain), and the group on the right had reperfusion ei- 
ther late or not at all. Note higher ejection fractions at rest 
and exercise after early reperfusion by recombinant tissue- 
type plasminogen activator or angioplasty. NS = difference 
not significant. 
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FIGURE 5. Lack of relation between exercise ejection fraction 
and time to reperfusion in patients studied about 5 months af- 
ter an inferior wall acute myocardial infarction. Reperfusion 
was unsuccessful in 1 patient whose data are plotted at 8 
hours. Abbreviations as in Figure 3. 
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FIGURE 6. Left ventricular ejection fraction at rest and exer- 
cise in 2 groups of patients studied several months after an in- 
ferior wall acute myocardial infarction. There was no signifi- 
cant difference (NS) in ejection fractions between patients 
with early (left) versus late (right) reperfusion. 
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was proved only after 4.5 hours or not at all had no 
improvement in LV function at either rest or exercise. 
These results seem particularly significant because the 
time requirement for early reperfusion was expressed 
here as the time from onset of chest pain to angio- 
graphically documented restoration of flow. 

The evaluation of LV function in this study was per- 
formed not only at rest but also during maximal, symp- 
tom-limited exercise. Global LV function at rest may 
be compensated for in the early weeks after AMI by 
hypercontractility of the noninfarcted segments, !8-19 LV 
function during exercise would be expected to be a 
marker of greater sensitivity in the detection of abnor- 
malities than would function at rest, because hypercon- 
tractile myocardium at rest could not improve much 
with exercise.?? Also, hypercontractility should not have 
been present at the time of our studies (6 weeks to 9 
months after AMI). Although accurate analysis of re- 
gional LV function could help detect this differential 
function of noninfarcted versus infarcted regions,!7-!9 
the response of global function to exercise is probably 
more important to long-term prognosis.?? Moreover, 
analysis of regional LV function by a single planar gat- 
ed blood pool scan has several difficulties. First, acquisi- 
tion of the gated blood pool scan during exercise is es- 
sentially limited to the left anterior oblique projection in 
order to ensure accurate measurement of LV ejection 
fraction”? and this projection offers limited assessment 
of regional LV function (Figure 1). Second, the num- 
ber of counts that can be acquired during exercise is 
limited, and this limits analysis of regional LV function. 

Use of exercise LV ejection fraction to assess the 
late effects of myocardial reperfusion on cardiac func- 
tion could be confounded if the patient developed myo- 
cardial ischemia during the exercise test.22 Exercise-in- 
duced ischemia has been shown to produce a decrease 
in ejection fraction between rest and exercise.22 Thus, 
to ensure that we could interpret differences in LV 
function during exercise as indicators of differences in 
the extent of permanent myocardial damage, we tried 
to exclude the possibility of myocardial ischemia. First, 
all patients underwent revascularization where clinically 
indicated by percutaneous transluminal coronary angio- 
plasty (37 of 44) or coronary bypass surgery (5 of 44), 
or both. Second, no patient had evidence of ischemia by 
chest pain or redistribution of a tomographic thallium- 
201 defect on symptom-limited exercise to >85% of 
age-predicted maximal heart rate (Figure 2). Also, 
many patients were receiving cardiac medications to 
prevent ischemia at the time of the study. Thus, these 
factors should minimize the possibility that exercise-in- 
duced myocardial ischemia influenced LV functional 
reserve. Finally, to avoid the influence of myocardial 


“stunning” on function,*° all studies were performed 6 
weeks to 9 months after AMI. Thus, the differences in 
exercise ejection fraction should primarily reflect the 
extent of infarction. 

Measurements of LV function at rest and during 
maximal exercise demonstrated different responses in 
patients who had an anterior versus an inferior wall 
AMI. Reperfusion of anterior but not inferior wall 
AMI within 4.5 hours resulted in improved LV func- 
tion at rest and during exercise, compared with anterior 
AMI reperfused later (Figures 3 and 4). This finding is 
consistent with that of a recent study by Guerci et al,!5 
which reported improved regional LV function among 
anterior wall AMI patients in whom rt-PA treatment 
was initiated during the first 4 hours of chest pain. Ex- 
ercise ejection fraction was also improved in that study 
when all patient data were combined, but results were 
not reported for subsets with anterior versus inferior 
wall AMI. The largest study of thrombolytic therapy, 
however, reported improved survival only in patients 
with an anterior wall AMI? 

Among patients with an inferior wall AMI, rest and 
exercise LV function was similar, regardless of the time 
of reperfusion (Figures 5 and 6). Previous studies of 
LV function after reperfusion have produced conflicting 
results, White et al’s!4 randomized trial of streptokinase 
and placebo demonstrated an improved ejection frac- 
tion at rest among patients with an inferior AMI. Al- 
ternatively, neither the Thrombolysis in Myocardial In- 
farction trial?! nor the Western Washington (streptoki- 
nase in acute infarction) randomized trial4 reported 
improved global LV ejection fraction at rest among pa- 
tients with a reperfused inferior wall AMI. The Throm- 
bolysis in Myocardial Infarction trial did report im- 
proved regional LV function.*! Bates et al?! reported 
serial improvement in LV function at rest after inferior 
wall AMI only when treatment was initiated in the first 
2 hours. The authors of the Second International Study 
of Infarct Survival recently reported improved LV 
function during exercise after early reperfusion.!© None 
of our patients with an inferior wall AMI achieved re- 
perfusion before 3 hours of symptom-onset, and they 
had no benefit in LV function.?! Perhaps our patients 
with proven reperfusion in <4.5 hours were not im- 
proved, compared with patients with late or no reperfu- 
sion, in part because all patients underwent revascular- 
ization if indicated by clinical and angiographic data. 
Thus, our “control group” with late or unsuccessful re- 
perfusion may have been improved compared with the 
control group in the Second International Study of In- 
farct Survival.'® This suggestion is supported by the in- 
crease in LV ejection fraction during exercise in our 
control group with inferior wall AMI. 
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The present study did show a significant linear cor- 
relation (r = —0.58; standard error of the estimate = 
11.9%; p <0.02) between exercise ejection fraction and 
time from onset to reperfusion of anterior wall AMI. 
Thus, the present study reveals that the improvement in 
LV functional reserve is closely related to the rapidity 
with which coronary blood flow is restored in patients 
with an anterior wall AMI. The same analysis revealed 
no significant correlation between exercise ejection frac- 
tion and time to reperfusion of inferior wall AMI (r = 
0.10; difference not significant). 

The reasons for the different functional responses to 
early reperfusion between anterior versus inferior wall 
AMI cannot be fully explained by the present study. 
The most likely reason suggested by the present data, 
however, is that inferior wall AMI causes less extensive 
LV damage and functional impairment than does ante- 
rior wall AMI. Also, our control group had revascular- 
ization when indicated after late rt-PA. In the group of 
patients reperfused after 4.5 hours, or not at all, ejec- 
tion fractions were higher in patients with an inferior 
wall (Figures 5 and 6) versus an anterior wall (Figures 
3 and 4) AMI at rest (46 + 12 vs 32 + 9%, p <0.05) 
and exercise (55 + 12% vs 33 + 11%, p <0.01). Early 
reperfusion of anterior AMI resulted in values of ejec- 
tion fraction at rest (44 + 8%) and exercise (53 + 9%) 
that were not different from values for inferior AMI 
reperfused late or not at all, at rest (46 + 12%) or 
exercise (55 + 12%). Thus, early reperfusion of anteri- 
or wall AMI resulted in LV function and reserve ca- 
pacity comparable to those of inferior wall AMI reper- 
fused late or not at all. That even exercise ejection 
fraction showed no difference in inferior wall AMI re- 
perfused early versus late may be because the extent of 
the inferior wall AMI was too small to be limited fur- 
ther by early reperfusion or because even exercise ejec- 
tion fraction was not sufficiently sensitive to detect a 
small reduction in the extent of AMI. It should also be 
noted that the group of patients with an inferior wall 
AMI who had reperfusion early are being compared in 
this study primarily with patients reperfused successful- 
ly only 2 hours later. Thus, the present comparison 
might underestimate the ability of reperfusion to sal- 
vage myocardium and preserve LV function. Converse- 
ly, the same considerations indicate the significance of 
finding improved LV function after early reperfusion of 
anterior wall AMI. The different responses to early re- 
perfusion could not be explained by differences in clini- 
cal characteristics or exercise data (Table I). 
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Frequency and Significance of Occult Late 
Potentials on the Signal-Averaged 
Electrocardiogram in Sustained Ventricular 
Tachycardia After Healing of Acute 
Myocardial Infarction 


Pramod Deshmukh, MD, Stephen L. Winters, MD, and J. Anthony Gomes, MD 


The quantitative and morphologic characteristics 
and significance of late potentials on the signal- 
averaged electrocardiographic QRS complex re- 
main unknown. To assess this, the signal-aver- 
aged electrocardiogram of 48 patients (mean 
age + standard deviation 62 + 9 years) with sus- 
tained ventricular tachycardia (VT) after healing 
of acute myocardial infarction and late potentials 
were analyzed. Late potentials could be classi- 
fied into 3 morphologic subtypes: type I late po- 
tentials (19 patients, 40%) occurred in the ter- 
minal 40 ms of the QRS complex; type Il late po- 
tentials (16 patients, 33%) started before the 
end of the QRS complex and extended 30 + 17 
ms into the ST segment; type Ill late potentials 
(13 patients, 27%) started after the end of the 
QRS complex in the ST segment and ended 67 + 
27 ms after the end of the QRS complex. The 
amplitude of the late potentials in type Ill, when 
compared with types I and Il, was significantly 
lower, whereas the QRS duration on the electro- 
cardiogram in type I, when compared with types 
Il and Ill, was significantly longer. Computer al- 
gorithm based on noise failed to identify most 
type Ill late potentials. No difference was noted 
in age, sex, site of the myocardial infarction, and 
rate of induced VT among the 3 types. It is con- 
cluded that (1) morphologic types of late poten- 
tials are likely a function of anatomic and geo- 
metric differences with resultant differences in 
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conduction; (2) occult late potentials (type Ill) are 
seen in 27% of patients with sustained VT after 
healing of acute myocardial infarction and likely 
reflect activation of a smaller mass of muscle 
bundles with a smaller extracellular field, as 
compared with type I and II late potentials; and 
(3) because type III late potentials are often 
missed by computer algorithms based on noise, 
they are better suited for qualitative analysis. 
(Am J Cardiol 1991;67:806-811) 


gram has emerged as a useful noninvasive tool for 

detecting the substrate in patients who are suspect- 
ed of having reentrant ventricular tachyarrhythmias.! 
Abnormalities in the signal-averaged electrocardiogram 
have been described in patients with sustained mono- 
morphic ventricular tachycardia (VT) associated with 
coronary artery disease,? cardiomyopathy, and even in 
some patients without evident organic heart disease.*° 
Furthermore, the presence of an abnormal signal-aver- 
aged electrocardiogram has been correlated with induc- 
ibility of sustained VT in the laboratory.5-8 Abnormali- 
ties in the signal-averaged electrocardiogram have been 
expressed qualitatively as well as quantitatively. Gener- 
ally, abnormalities occur in the terminal portion of the 
QRS complex,” referred to as “late potentials”; how- 
ever, not unusually, abnormal potentials may occur lat- 
er in the ST segment.’ Little is known about the inci- 
dence, morphologic characteristics and significance of 
such “late” late potentials. This study defines these late 
late potentials and assesses their clinical significance. 


I n recent years, the signal-averaged electrocardio- 


METHODS 

Patients: The study group consisted of 48 patients 
(mean age + standard deviation 62 + 9 years) who 
had spontaneous and inducible, sustained VT in the set- 
ting of an old myocardial infarction. No patient had 
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bundle branch block. All had an abnormal signal-aver- 
aged electrocardiogram (qualitative or quantitative pa- 
rameters). 

Signal-averaging technique: Signal averaging on 
the surface electrocardiogram was performed before 
electrophysiologic testing. All antiarrhythmic agents 
were withheld for 26 half-lives before the study. Seven 
silver /silver chloride electrodes were attached after the 
skin was cleaned with alcohol, to constitute 3 orthogo- 
nal bipolar electrodes as follows: the horizontal X elec- 
trodes in the right and left midaxillary lines at the 
fourth intercostal space, the vertical Y electrode in the 
suprasternal notch and V; position, and saggital Z elec- 
trodes in the V> position anteriorly and corresponding 
position posteriorly. 

The instrument used records X, Y and Z signal 
components that are amplified, digitized and recorded. 
In all patients, 2199 beats were averaged and data 
processed with a bidirectional 4-pole, high-pass Butter- 
worth filter, with a high-frequency cutoff of 250 Hz 
and low-frequency cutoff at 40 Hz. A vector magni- 
tude (V) was calculated for each point of the averaged 
X, Y, Z signal as V = X? + Y? + Z?. The begin- 
ning of the QRS was identified by a standard commer- 
cial algorithm at the beginning of acquisition on the 
basis of 8 consecutive averaged beats designed to mimic 
visual determination of the onset of the QRS complex. 

The end of the QRS complex was identified in a 
manner similar to that described by Simson.? The root- 
mean-square voltage was calculated for the terminal 40 
ms of the QRS. In addition, the duration of low-ampli- 
tude signals of <40 uV and the duration of the entire 
signal-averaged QRS complex was calculated by the 
computer algorithm. 

The signal-averaged electrocardiograms were fur- 
ther analyzed qualitatively, individually and indepen- 
dently by 2 of the investigators so as to define (1) the 
end of high-frequency signals: the end of high-frequen- 
cy signals was determined visually and subjectively at a 
point where a distinct pattern of signals was recorded at 
twice the visually determined baseline level; and (2) lo- 
cation of “late potentials” as to its spatial relation with 
the vector magnitude. A consensus was reached on 
these definitions before further analysis. The following 
parameters were then computed: 

Magnified vector magnitude of high-frequency sig- 
nals with a band width of 40 to 250 Hz was plotted so 
as to give I-mm deflection for each microvolt signal at 
a paper speed of 400 mm/s. 

Definition of terms: DURATION OF HIGH-FREQUENCY 
siGNaLs: The duration of high-frequency signals as seen 
on vector magnitude plots was measured in milliseconds 
between onset and offset points, as described earlier. 


QRS DURATION: This duration was measured in milli- 
seconds of magnified unfiltered analog signals of the 
surface electrocardiogram. 

DURATION OF LOW-AMPLITUDE SIGNALS: Duration of 
low-amplitude signals was measured in milliseconds 
from the offset of the vector magnitude plot to a point 
where signals exceeded 40 uV. By subtracting the cor- 
responding QRS duration from the duration of low- 
amplitude signals, the duration of late potentials be- 
yond QRS was derived. 

VOLTAGE IN THE TERMINAL 40 MS: Amplitude of the 
terminal 40-ms portion of the vector magnitude plot 
expressed in microvolts was either measured as root- 
mean-square voltage or peak voltage. Signal-averaged 
complexes were also analyzed morphologically to define 
the location of late potentials in relation to analog re- 
cordings of the QRS complex. 

Statistical analysis: This was performed by |-way 
analysis of variance and chi-square analysis when ap- 
propriate. 


RESULTS 

Morphologic characteristics of late potentials: On 
morphologic analysis of the signal-averaged electrocar- 
diograms and by redefining the end of high-frequency 
QRS, 3 distinct patterns of late potentials emerged: 

TYPE 1: The type I pattern was where almost all of 
the high-frequency signals were located inside the sur- 
face electrocardiogram and late potentials were seen in 
the terminal portion of the QRS complex. In all pa- 
tients late potentials ended <10 ms beyond the end of 
the surface QRS complex (Figure 1A). Type I late po- 
tentials occurred in 19 of 48 patients (40%). Typically, 
duration of the QRS complex was prolonged and en- 
compassed the entire duration of the vector complex 
(Figure 1A). The root-mean-square voltage of the ter- 
minal 40 ms of type I late potentials was typically high- 
er with an average value of 13 + 7 uV. 

TYPE Il: Late potentials occurred in the terminal 
QRS complex but extended beyond the QRS complex 
within the ST segment. Obviously, high-frequency sig- 
nals were noted beyond the analog electrocardiographic 
complex. A typical example of type II late potentials is 
shown in Figure 1B. Here, the late potentials can be 
clearly seen to begin in the terminal portion of the QRS 
and extend far beyond the end of the QRS. Type II 
late potentials occurred in 16 of 48 patients (33%). 

TYPE ill: The type III pattern was where abnormal 
high-frequency, low-amplitude signals were seen to be- 
gin after the surface electrocardiogram appeared to be 
completed (Figure 1C). When compared with types I 
and II, the principal vector magnitude of high-frequen- 
cy signals in type III has a sharp cutoff, coinciding with 
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FIGURE 1. Vector magnitude plot of high-frequency signals 
showing the 3 types of late potentials. A, example of type I 
late potential. Note that the QRS duration is prolonged (offset 
marked by an open arrow) and encompasses the entire late 
potentials (shaded area}; B, type Il late potentials (shaded 
area) is seen to begin before the offset of the QRS (open ar- 
row) and extends into the ST segment; C, type Ill late poten- 
tial (shaded area) is seen to begin after the end of QRS (open 
arrow) and continues into the ST segment. Note low-ampli- 
tude of type II and particularly of type Ill late potentials. 
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TABLE I Signal-Averaged Parameters in the Three Types of 
Late Potentials 


Late Potential Type 










Signal-Averaged 
Parameters (40 Hz) | Il il 
















QRS duration (ms) 132425 106412 99412 <0.0001 

High-frequency total 14142 136424 161427 <0.25 
duration (ms) 

Duration of LAS beyond 8+8 30417 61427 <0.0001 
QRS (ms) 

Duration of LAS (ms) 53423 60427 84+39 <0.002 

Voltage in the terminal 1347* <1047' <4+2t <0.0006 





40 ms (V40) (uV) 


* Root-mean-square voltage. 
t Peak voltage. 
LAS = low-amplitude signals. 





the end of the QRS, as seen on the surface electrocar- 
diogram. This was followed by relatively very low-am- 
plitude signals, but distinct from baseline noise, and ex- 
tending for a variable period. Type III late potentials 
were seen in 13 of 48 patients (27%). 

Quantitative parameters of late potential subtypes: 
When signal-averaged electrocardiographic parameters 
were compared, the subtypes appeared to be signifi- 
cantly different from each other (Table I). In type I 
late potentials, the electrocardiogram QRS complex 
was significantly prolonged, as compared with types II 
and III. On the other hand, although the duration of 
high-frequency signals was longer in type II than in 
types I and II, these differences were not statistically 
significant. The duration of low-amplitude signals <40 
uV was also significantly different in these subtypes. In 
type I late potentials, the low-amplitude signals did not 
extend substantially beyond the QRS complex. In con- 
trast, in types II and III late potentials, low-amplitude 
signals extended far beyond the QRS complex. How- 
ever, in type II, late potentials began in the terminal 
QRS, whereas in type III, they began after the end of 
QRS. The late potentials in types II and III were of 
significantly smaller amplitude than those in type I. 

Clinical features: Twenty of 48 patients (42%) had 
an anterior wall myocardial infarction, 21 of 48 (44%) 
had an inferior wall myocardial infarction and 7 of 48 
(14.5%) had mixed sites of prior myocardial infarc- 
tions. When various parameters like site of infarction, 
induced rate of VT and mode of VT induction were 
analyzed, there were no statistically significant differ- 
ences between the 3 types (Table II). 

Identification of type Ill late potentials by computer 
algorithm: Type III late potentials appeared as a dis- 
tinct subtype, not only from a morphologic point of 
view, but also because 62 to 70% of these type III late 
potentials were not identified by computer-based algo- 
rithms (Figure 2, A and B). Computer algorithms un- 
derestimated the duration of low-amplitude signals by 
20 to 72.5 ms (Figure 2, A and B). 
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DISCUSSION 

Asynchronous ventricular activation due to inhomo- 
geneous, delayed conduction of an impulse through 
scarred myocardium!®-!? has been shown to generate 
high-frequency, low-amplitude signals measuring only 
a few microvolts.'3 These have been shown to be due to 
depolarization of surviving myocardial cells that have 
been uncoupled and electrically isolated by intervening 
fibrous tissue.'* Detection of late potentials on the sig- 
nal-averaged electrocardiogram requires that activation 
of ventricular myocardium in the region of the sub- 
strate must outlast normal ventricular activation to be 
apparent at the end of QRS. Alterations in the initial 
portion of the signal-averaged electrocardiogram in pa- 
tients with VT have also been described. !5 

Current observations and mechanisms of late po- 
tentials: The present study was initiated based on our 
observations of distinct morphologic differences in late 
potentials and failure to detect abnormalities by com- 
puter algorithm. Three distinct types of late potentials 
could be identified. Type I late potentials were usually 
seen in the setting of a broad QRS, >110 ms (132 + 
25 ms). Abnormalities were confined to the QRS com- 
plex and the amplitudes of late potentials were rela- 
tively higher than in types II and III. Superimposition 
of intraventricular delay on substrate activation may 
be responsible for late potentials of higher amplitude 
which were confined to the QRS complex. 

Because type III late potentials are of very low am- 
plitude, they most likely reflect activation of a smaller 
mass of muscle bundles with a smaller extracellular 
field than types I and II, and thus may be missed com- 


Vector Magnitude 
400mm/S; 1} mm/uV 25- 250112 


Durations(ms): 
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Under 40uV 15 RO 
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TABLE II Clinical Features of Patients with Different Types of 
Late Potentials 


Late Potential Type 

















61411 6248 62410 





Age (yr) 
Site of MI 







Anterior wall 8/19 (42%) 7/16(43%) 5/13 (38%) 
Inferior wall 8/19(42%) 6/16(37%) 7/13(54%) 
Mixed MI 3/19(16%) 3/16(19%) 1/13(8%) 













Induced VT rate (beats/min) 2064 34 198 + 50 221 +45 
Mode of VT induction 

SıS2 2(11%) — 1 (8%) 
S2S3 9 (30%) 12 (80%)  9(69%) 
S3S4 7 (39%) 3(20%) 3(23%) 








MI = myocardial infarction; VT = ventricular tachycardia 


pletely, unless the noise level is quite low. An average 
noise level of 0.4 uV in the present study might have 
helped to identify type III late potentials. In a recent 
study,'® reduction of noise level to 0.3 uV was shown to 
improve sensitivity in detecting late potentials with- 
out sacrificing specificity. Because a basic abnormality 
is increased duration of low-amplitude high-frequency 
signals, some have suggested the use of low-amplitude 
signals beyond QRS, i.e, high-frequency total QRS du- 
ration minus QRS duration as a useful parameter.’ 
This parameter was most abnormal in type III late po- 
tentials, where the signals extended 61 + 27 ms beyond 
QRS. This duration was underestimated by 20 to 72.5 
ms when computer algorithms alone were used to ana- 
lyze late potentials. Thus, although these subtypes ap- 
pear very distinct in their quantitative parameters as 
well as morphologic appearances, when clinical features 


Vector Magnitude 
400mm/S; 1 mm/uV 40 - 250114 


Nurations(ms): 
Com. Actual 
Total ORS 121 175 
Under 40uV ZR 87 


RMS Voltage (uV): 
Last 40 ms 
Noise 


CYCLES 200 
*peak voltage 





FIGURE 2. Effect of visual determination of offset of high-frequency signals. Type III late potentials are shown here by narrow 
dark arrows. Although late potentials are more evident at 25 Hz (A), they can clearly be identified even at 40 Hz after signifi- 

cant noise reduction to 0.4 „V, beyond the offset (open arrow) which is determined by noise-based computer algorithm (B). True 
offset of late potentials is marked by broad dark arrow. Note the underestimation of the duration of late potentials by computer 
algorithm (Com.) both at 25 Hz (A) and 40 Hz (B). HFTD = total duration of high-frequency signals; RMS voltage = root-mean- 


square voltage. 
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were compared, no difference was found between these 
subtypes. This suggests that the type of late potential is 
a function of anatomic and geometric differences (sur- 
viving Purkinje muscle mass/fibrotic Purkinje muscle 
mass/extracellular field) between the types, with resul- 
tant differences in conduction. 

Previous studies: Because degree of delay of ven- 
tricular myocardium activation in areas of the substrate 
have been correlated with the ability to detect late po- 
tentials on the signal-averaged electrocardiogram,'® one 
would expect their presence, at least in a few patients, 
to be found late in the ST segment. In fact, initial work 
by Berbari et al'? in the animal model showed the pres- 
ence of such late potentials in the ST segment of beats 
preceding ventricular arrhythmias. Subsequent work in 
humans by Simson? revealed late potentials only in the 
terminal portion of the QRS. However, Rozanski et al? 
did find high-frequency signals early in the ST segment 
that disappeared after aneurysmectomy for control of 
VT. These differences may have been due to different 
filter designs or electrode configurations, as suggested 
by Simson,? but may also have been due to failure of 
the computer algorithm, based on noise detection, to 
properly identify the end of the high-frequency signals 
as demonstrated in this study. This suspicion is further 
strengthened by identification of late potentials in the 
ST segment by other investigators who relied on visu- 
al inspection of signal-averaged electrocardiographic 
records. Breithardt et al,!? when quantifying LP activi- 
ty, determined the onset of late potentials in 2 ways: (1) 
either finding an isolation point that clearly separated 
the end of the QRS from the onset of late potential 
activity; or (2) by defining a point at which the QRS 
amplitude markedly exceeded the amplitude of mid- 
and terminal portions of late potentials to the point 
where low-amplitude signals exceed by 2 to 3 times the 
baseline noise contained late in the ST segment. How- 
ever, use of the former definition would result in lower 
sensitivity in detecting type I and II late potentials in 
the vector magnitude. 

Clinical implications: Multiple quantitative parame- 
ters have been suggested to identify abnormal late po- 
tentials with variable sensitivity and specificity. Al- 
though such parameters based on computer algorithms 
have been used extensively with remarkable success, re- 
liance solely on computer analysis may result in missing 
significant abnormalities in the signal-averaged electro- 
cardiogram. As noted before, the offset of high-fre- 
quency signals needs to be visually confirmed, or the 
computer algorithm to identify the end of the filtered 
QRS complex needs to be improved so as not to miss 
type III late potentials. Once the end of the filtered 
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QRS is visually identified, then quantitative parameters 
can be recalculated. 

Limitations of study: (1) Because the amplitude in 
type II and III late potentials was very low, we ex- 
pressed it as peak voltages. Although not comparable 
with root-mean-square voltage of type I late potentials, 
the difference is striking and should not affect the find- 
ings. (2) Regional determinant of offset of high-fre- 
quency signals is subjective and may not be reproduc- 
ible. In the present study, 2 of the investigators inde- 
pendently assessed the offset and a consensus was 
reached before reaching conclusions. (3) Because mor- 
phologic subtyping of late potentials was made by visu- 
al comparison of magnified unfiltered surface electro- 
cardiogram with high-frequency signals on the vector 
magnitude plot, the QRS durations may generally be 
slightly higher than the nonmagnified surface electro- 
cardiogram recorded at usual paper speed. However, 
this should not affect the results, because the effect of 
magnification should be uniform. 
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Usefulness of the Automatic Implantable 
Cardioverter Defibrillator in Improving Survival 
of Patients with Severely Depressed Left 
Ventricular Function Associated with 
Coronary Artery Disease 


Eduardo de Marchena, MD, Simon Chakko, MD, Pedro Fernandez, MD, Augusto Villa, MD, 
Debbie Cooper, RN, Paula Wozniak, BS, Jose Cruz, RN, Richard J. Thurer, MD, 
Kenneth M. Kessler, MD, and Robert J. Myerburg, MD 


Clinical outcome was analyzed among a group of 
39 consecutive patients with coronary artery 
disease, left ventricular (LV) ejection fractions 
<30% and arrhythmias that required an auto- 
matic implantable cardioverter defibrillator 
(AICD) in an attempt to better define the role of 
the device in patients with severely depressed 
LV function. Twenty-nine (74%) were survivors 
of out-of-hospital cardiac arrest and 10 (26%) 
had ventricular tachycardia that was refractory 
to electrophysiologically guided antiarrhythmic 
therapy. The study group had the following de- 
mographic characteristics: 90% were men, 
mean age was 64 years (range 41 to 79) and 
mean LV ejection fraction was 21 + 4%. Con- 
comitant pharmacotherapy included antiarrhyth- 
mic drugs in 31 (79%), vasodilators in 22 (56%) 
and digoxin in 20 (51%). There was no statisti- 
cal difference in baseline characteristics between 
survivors and nonsurvivors. Patients were fol- 
lowed for a mean of 24 months (range 2 to 72) 
from implantation. The difference between actu- 
arial survival—77% at 1 year and 72% at 2 
years—and projected survival without the AICD 
(patients who survive without appropriate device 
discharge) —30% at 1 year and 21% at 2 
years—was significant (p <0.01 and <0.05 at 1 
and 2 years, respectively). This study suggests 
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that the AICD improves survival in patients with 
coronary artery disease despite severely de- 
pressed LV function. 

(Am J Cardiol 1991;67:812-816) 


lator (AICD) was introduced in 1980 for the 

treatment of patients with recurrent, potentially 
fatal arrhythmias who had failed to be adequately 
protected by pharmacologic or surgical interventions. ! 
Subsequent clinical trials have shown the device to be 
highly effective for terminating lethal arrhythmias and 
for offering significant long-term survival to cardiac ar- 
rest survivors and patients with drug-refractory ventric- 
ular tachycardia.?-” In this study, we report use of the 
AICD in patients with severely depressed left ventricu- 
lar (LV) function who are survivors of out-of-hospital 
cardiac arrest or drug-refractory ventricular tachycar- 
dia, or both. 


T he automatic implantable cardioverter defibril- 


METHODS 

Patients: The study group comprised 39 patients 
with coronary artery disease and LV ejection fraction 
<30% who had an AICD implanted at the University 
of Miami/Jackson Memorial Medical Center or the 
Miami Veterans Affairs Medical Center between Janu- 
ary 1984 and November 1989. Twenty-nine patients 
(74%) were survivors of out-of-hospital cardiac arrest. 
The remaining 10 patients (26%) had recurrent sus- 
tained ventricular tachycardia refractory to electro- 
physiologically guided antiarrhythmic therapy. Criteria 
for AICD implantation were: (1) recurrent cardiac ar- 
rest or recurrent symptomatic sustained ventricular 
tachycardia with a drug regimen predicted to be suc- 
cessful by prior program electrical stimulation studies; 


ad 
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(2) failure of 2 drugs or drug combinations or of LV 
aneurysm resection with subendocardial resection to 
prevent inducible arrhythmias after documented clini- 
cal ventricular tachycardia associated with cardiovascu- 
lar collapse, or after ventricular fibrillation; or (3) out- 
of-hospital cardiac arrest with clinical markers of high 
risk of recurrence even if not inducible by program 
stimulation studies. Patients in whom ventricular tachy- 
cardia or ventricular fibrillation occurred only in an 
acute phase of myocardial infarction were not AICD 
candidates. AICD implantation and replacement proce- 
dures were accomplished by standard surgical tech- 
niques.’ One patient whose demographic data were 
similar to those of our study group died the day after 
coronary bypass surgery and AICD implantation, and 
was not included in this analysis. 

Patient evaluation: To define the anatomic and elec- 
trophysiologic status of each patient, thorough diagnos- 
tic evaluation, including cardiac catheterization with 
coronary arteriography and electrophysiologic studies, 
and echocardiography or nuclear ventriculography, or 
both, were performed at our institution or at the refer- 
ring institution. 

Follow-up: From January 1984 to January 1990, all 
patients were followed in the AICD clinics at the Uni- 
versity of Miami/Jackson Memorial Medical Center 
and the Miami Veterans Affairs Medical Center. The 
few patients who moved out of the vicinity of our Medi- 
cal Center have been followed by their local cardiolo- 
gists. 

Follow-up information: Follow-up information is 
continuously updated by cardiologists in our AICD 
clinic or cardiologists to whom patients were referred in 
the community, or both. Follow-up procedures included 
bimonthly visits up to 1 year, with monthly visits there- 
after. We maintained a record of all clinical symptoms 
attributable to arrhythmias, the cumulative number of 
AICD discharges, and the patients’ clinical status. 

Definitions: Appropriate shocks, defined as those 
preceded by symptoms of ventricular arrhythmia or 
documentation by concurrent monitoring, or both, were 
tabulated. In patients who had no symptoms preceding 
shocks, subsequent ambulatory monitoring was per- 
formed to determine whether shocks were appropriate. 
Inappropriate shocks, those occurring in the absence of 
symptoms or exercise, or those triggered by supraven- 
tricular tachycardia on monitoring, were excluded from 
analysis. The end points of the study were appropriate 
shock, sudden death and total mortality. Sudden death 
was defined conventionally as death within 1 hour of 
onset of an abrupt change in symptoms. When patients 
died suddenly, attempts were made to obtain further 


data, to distinguish between tachyarrhythmic death and 
other mechanisms. 

Data collection and statistical analyses: All records 
on the clinical status of patients at the time of implan- 
tation, the time of first shock and the long-term out- 
come of sudden or total death were maintained by in- 
vestigators. The mechanisms of death (sudden: arrhyth- 
mic, nonarrhythmic; nonsudden: cardiac, noncardiac) 
were evaluated.? True survival, as well as projected sur- 
vival without the AICD (patients who survived without 
an appropriate AICD discharge), was calculated by 
Kaplan-Meier estimates. The 2 groups were compared 
by Student ¢ tests. A p value <0.05 was considered 
statistically significant. Data are reported as the mean 
+ standard deviation. Data were analyzed for shock 
versus no shock in relation to sudden death and to se- 
lected baseline clinical variables. 


RESULTS 

Clinical characteristics: The group comprised a to- 
tal of 39 patients, 35 men (90%) and 4 women (10%), 
with coronary artery disease and LV ejection fraction 
<30%. Mean age at the time of AICD implantation 
was 64 years (range 42 to 79) and was not significantly 
different within the subgroups of survivors and nonsur- 
vivors. Thirty-three patients (85%) were >60 years old. 
Indications for AICD implantation included survivors 
of out-of-hospital cardiac arrest (n = 29 [74%]) and 
recurrent sustained ventricular tachycardia that 
was symptomatic because of hemodynamic compro- 
mise and that was refractory to electrophysiologically 
guided therapy (n = 10 [26%]). Table I lists selective 
demographic and clinical information for the total 
group and for subgroups of survivors and nonsurvivors 
after AICD implantation. 

Other surgical techniques: In addition to AICD im- 
plantation, 14 patients (36%) had concurrent cardiac 
surgical procedures, including coronary artery bypass 
grafting (all 14) and LV aneurysm resection (4 pa- 
tients). There was no statistical difference in survival or 
defibrillator discharge between the subgroups of pa- 
tients who had additional cardiac surgical procedures 
and the rest of the study patients. 

Ventricular function: The LV ejection fraction at 
the time of AICD implantation was severely depressed 
among the total study group, with a mean of 21 + 4%, 
a median of 21% and a range of 10 to 29%. Table I 
lists the breakdown of patients by LV ejection fraction 
in ranges of 26 to 40%, 21 to 25% and <20%, for the 
total study group, and for subgroups of survivors and 
nonsurvivors. There was a trend toward lower ejection 
fractions in nonsurvivors. 
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TABLE I Clinical Characteristics and Outcome of Study 
Group 


Total 


Group Survivors Nonsurvivors 


No. of pts. 39 30 9 
Mean age (range) 64(41-79) 65(42-79) 62(49-72) 
Mean LVEF (+SD) 21 (+4) 21 (+5) 21 (+3) 
LVEF 26-30% 5 (13%) 5 (17%) 0 
LVEF 21-25% 15 (38%) 12 (40%) 3 (33%) 
LVEF <20% 19 (44%) 13 (43%) 6 (67%) 
AICD-terminated 
arrhythmias (%) 30(77) 24 (80) 
Antiarrhythmic drugs (%) 31 (79) 24 (79) 
No drug 8 6 
Class IA 12 10 
Class IB 
Class IC 
Class II 
Class III 
Amiodarone 9 
Sotalol 2 
Vasodilator drugs (%) 22(56) 1 
Cat antagonists 8 6 
ACE inhibitors 12 
Nitrates 16 
Digoxin (%) 20451) 17 (51) 3 (33) 
Percentages refer to percentages of respective subgroups. Mean values and sub- 
group percentages were not significantly different among subgroups. 


ACE = angiotensin-converting enzyme; AICD = automatic implantable cardioverter 
defibrillator; LVEF = left ventricle ejection fraction; SD = standard deviation. 


6 (67) 
7 (78) 


(63) 
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Hemodynamic data: Hemodynamic data were avail- 
able for 14 patients at the time of data analysis. Cardi- 
ac index in these patients was depressed, at a mean of 
2.6 liter/min/m? (2.6 liter/min/m? in survivors and 
2.2 liter/min/m? in nonsurvivors). Pulmonary artery 
wedge pressure was elevated at a mean of 17 mm Hg 
in the total study group, survivors and nonsurvivors. 
The small number of patients for whom complete he- 
modynamic measurements were available did not allow 
for analysis of the effects of hemodynamic function on 
survival. 


% Survival 


ee Actual survival 


s—« Projected survival 
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Antiarrhythmic drugs and other pharmacotherapy: 
A decision to use antiarrhythmic drugs was based on 
the frequency and forms of ventricular arrhythmias 
during continuous electrocardiographic monitoring be- 
fore hospital discharge. The expected frequency of sus- 
tained ventricular arrhythmias based on clinical electro- 
physiologic observations also supported the decision re- 
garding use of antiarrhythmic agents. At the time of 
AICD implantation, 31 patients (79%) were discharged 
while receiving antiarrhythmic therapy, 9 (23%) of 
whom received amiodarone. The remainder received 
various antiarrhythmic drugs (Table I). Vasodilator 
drugs and digoxin were used in 22 (56%) and 20 
(51%), respectively, of the patient group, with no sta- 
tistical difference between survivors and nonsurvivors 
(Table I). 

Relation of automatic implantable cardioverter defi- 
brillator terminated arrhythmia to clinical outcome: All 
patients were followed until January 31, 1990, with a 
mean follow-up for survivors of 24.4 months (range 2 
to 72). One patient underwent cardiac transplantation 
3 months after AICD implantation and was then cen- 
sored out of the study. Nine patients (23%) died after 
receiving an AICD, 2 (20%) suddenly. Among the oth- 
er 7 deaths, 1 was noncardiac (amiodarone pulmonary 
toxicity) and the others were cardiac (congestive heart 
failure, electromechanical dissociation and acute myo- 
cardial infarction). Among the patients who died, 6 
(67%), including 1 sudden death victim, had AICD dis- 
charges in the weeks to months before the terminal 
event. 

Among the 30 survivors (77%) in the study, 24 
(80%) had AICD discharges. The total potential of 
sudden death (patients who were shocked or had sud- 
den death and were not previously shocked) was 79%. 


FIGURE 1. Kaplan-Meier corrected ac- 
tual and projected survival curves for 
the study group. Projected survival re- 
fers to estimated survival of the group 
had the automatic implantable cardio- 
verter defibrillator not been implanted 
(see text). The difference between ac- 
tual and projected survival rates was 
highly significant (p <0.01) at 1 year 
and (p <0.05) at 2 years. 
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Life-table survival analyses: Kaplan-Meier life-ta- 
ble analyses for actual and projected survival are shown 
in Figure 1. Actuarial survival was 77% at 1 year and 
72% at 2 years. The projected survival rate had the 
AICD not been implanted (patients who survived with- 
out an appropriate device discharge) was only 30% at 1 
year and 21% at 2 years. The difference between actual 
and projected survival rates was statistically significant 
(p <0.01 at 1 year and p <0.05 at 2 years). 


DISCUSSION 

Previous long-term survival studies in patients with 
heart failure have demonstrated that patients with coro- 
nary artery disease have a worse prognosis than those 
with other forms of myocardial disease.'®!! In a study 
of patients with severely depressed LV ejection frac- 
tions, 80% of deaths were sudden, and patients with 
coronary artery disease had twice the mortality as those 
without.'' Moreover, markedly decreased LV ejection 
fraction!>!3 and previous episodes of cardiac arrest!4 or 
drug-refractory ventricular tachycardia adversely affect 
survival.!° We therefore studied a group of patients at a 
particularly high risk of cardiac death. Those with cor- 
onary artery disease were survivors of either out-of-hos- 
pital cardiac arrest or had drug-refractory, hemody- 
namically significant ventricular tachycardia, an ad- 
vanced mean age of 64 years, and a severely depressed 
LV ejection fraction (mean 21 + 4%). Any of these 
characteristics should have independently predicted a 
high cardiac death rate. Our study group, however, had 
a remarkably good actuarial survival of 77% at 1 year 
and 72% at 2 years. The projected survival rate for 
patients had the AICD not been implanted (patients 
who survived without an appropriate device discharge) 
was 30% at 1 year and 21% at 2 years. 

The possibility that the group of patients we were 
studying was less ill than other populations with de- 
pressed LV function may limit the general applicability 
of our findings. Although we did not have New York 
Heart Association functional classification data on our 
patients, clearly, in patients with severe depression of 
LV ejection fraction who were <60 years, cardiac 
transplantation would have been considered as an alter- 
native therapy to AICD had congestive heart failure 
been more advanced. However, among the elderly pa- 
tients in our study—33 (85%) were >60 years old— 
the AICD would have been implanted if indicated, re- 
gardless of New York Heart Association functional 
class. The other demographic characteristics —age, cor- 
onary artery disease and previous episodes of survival of 
lethal ventricular arrhythmias—would have predicted a 
worse prognosis. Tchou et al® previously reported on the 


survival of 25 patients with LV ejection fractions <30% 
who required AICD implantation for lethal arrhyth- 
mias. They found an actual survival rate of 87% at a 
mean follow-up of 552 days. The findings of that small- 
er study of patients with demographic characteristics 
similar to those of our patients help to support our 
findings. 

Another confounding influence on our study is the 
validity of the projected death rates, which were 
based on AICD discharge experiences. Short of devices 
with memory or devices that can be monitored during 
events, the distinction between appropriate and inap- 
propriate shocks can be misleading (see Methods). Fur- 
thermore, not all patients who had an appropriate 
AICD discharge would have died or had recurrent car- 
diac arrest. Some of the episodes of ventricular tachy- 
cardia may have terminated spontaneously or could 
have been successfully resuscitated in the field had they 
led to cardiac arrest. Still, the estimated mortality rate 
does not vary greatly from previous analyses of survival 
in patients with severely depressed LV ejection frac- 
tion.!>1617 In either event, the estimated survival rate 
does not detract from the unexpected and high survival 
of our total group. 

In conclusion, our study strongly suggests that the 
AICD is beneficial in improving survival in patients 
with coronary artery disease and lethal arrhythmias, 
despite severely depressed LV function. 
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Comparison of Intravascular Ultrasound, 
External Ultrasound and Digital Angiography 
for Evaluation of Peripheral Artery 
Dimensions and Morphology 
Khalid H. Sheikh, MD, Charles J. Davidson, MD, Katherine B. Kisslo, RDMS, 


J. Kevin Harrison, MD, Stevan |. Himmelstein, MD, Joseph Kisslo, MD, 
and Thomas M. Bashore, MD 


Validation of catheter-based intravascular ultra- 
sound imaging has been based on comparisons 
with histology and digital angiography, each of 
which may have limitations in the assessment of 
arterial size and morphology. External, high-fre- 
quency ultrasound can accurately determine ves- 
sel dimensions and morphology and because, like 
intravascular ultrasound, it also provides cross- 
sectional arterial ultrasound images, it may be a 
more appropriate technique for the in vivo com- 
Parison of arterial dimensions and morphology 
determined by intravascular ultrasound. 

Thus, intravascular ultrasound, external 2-di- 
mensional ultrasound, Doppler color-flow imag- 
ing and digital angiography were compared for 
assessment of arterial dimensions and wall mor- 
phology at 29 femoral artery sites in 15 pa- 
tients. Intravascular ultrasound and the other 3 
imaging modalities correlated well in determina- 
tion of lumen diameter (2-dimensional, r = 0.98, 
standard error of the estimate [SEE] = 0.14; 
Doppler color flow, r = 0.91, SEE = 1.11; angi- 
ography, r = 0.95, SEE = 0.91) and cross-sec- 
tional area (2-dimensional, r = 0.97, SEE = 
0.04; Doppler color flow, r = 0.92, SEE = 0.14; 
angiography, r = 0.96, SEE = 0.08). However, 
lumen size measured by Doppler color flow was 
consistently smaller than that measured by the 
other 3 imaging modalities. Intravascular ultra- 
sound detected arterial plaque at 15 sites, 5 
of which were hypoechoic (soft) and 10 hyper- 
echoic with distal shadowing (hard). Plaque was 
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identified at 12 of 15 sites by 2-dimensional im- 
aging (p = 0.30 vs intravascular ultrasound), but 
at only 6 of 15 sites by angiography (p = 0.003 
vs intravascular ultrasound), only 1 of which was 
thought to be calcified plaque. These data indi- 
cate that arterial dimensions determined by in- 
travascular ultrasound correlate well with both 
external ultrasound and angiography in normal 
and minimally diseased peripheral arteries. 
Doppler color flow underestimates true lumen 
size. Angiography is often discordant with both 
intravascular and external ultrasound in deter- 
mining the presence and composition of arterial 


plaque. 
is an exciting new vascular imaging technique. 
However, before clinical application, the tech- 
nique requires validation. In vitro determinations of ves- 
sel size and morphology by intravascular ultrasound 
correlate well with histology.!-5 Arterial dimensions de- 
termined by intravascular ultrasound in vivo correlate 
well with angiography.6-8 However, intravascular ultra- 
sound and angiography are often discordant in the as- 
sessment of vessel morphology.®7° Whether this is 
because intravascular ultrasound is more sensitive 
for evaluating vessel morphology than angiography, or 
whether interpretations of intravascular ultrasound im- 
ages are not representative of true vessel morphology, 
remains uncertain. 

External ultrasound imaging using both 2-dimen- 
sional and Doppler modalities is a well-validated tech- 
nique for assessment of the peripheral vascular sys- 
tem.!°-!5 Furthermore, rather than comparing intravas- 
cular ultrasound images with the silhouette images 
produced by contrast angiography, a more appropriate 
comparison of intravascular ultrasound, particularly for 


(Am J Cardiol 1991;67:817-822) 


atheter-based intravascular ultrasound imaging 
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evaluation of vessel morphology, would be with external 
ultrasound, which provides similar types of vascular im- 
ages. Agreement between intravascular and external ul- 
trasound would be further evidence supporting the ac- 
curacy of intravascular ultrasound for determination of 
vessel size and morphology. Therefore, the purpose of 
this study was to compare intravascular ultrasound 
with external 2-dimensional ultrasound, Doppler color- 
flow imaging and digital angiography in the assessment 
of peripheral vascular size and morphology in a group 
of patients for whom all 4 imaging modalities were 
used. 


METHODS 

Patients: We examined 15 patients (10 men, mean 
age + standard deviation 56 + 19 years [range 24 to 
75]), none of whom had a history of peripheral artery 
disease. All were undergoing diagnostic cardiac cathe- 
terization for suspected coronary, valvular or congenital 
heart disease, and all agreed to a protocol approved by 
the institutional review board permitting peripheral ar- 
tery imaging in conjunction with the cardiac catheter- 
ization procedure. 


FIGURE 1. Representative images from all vascular imaging modalities. Clockwise from upper left: A, 2-dimensional external 


External ultrasound: External ultrasound images 
were obtained after the patient was brought to the 
catheterization laboratory. A total of 29 sites from the 
common and superficial femoral arteries contralateral 
to the arterial puncture site were examined. External 
images were obtained with an Acuson 128 system 
(Mountain View, California) using a 7.5-MHz linear 
array transducer. After long-axis imaging to identify 
the femoral artery, transverse axis views of the artery 
were obtained. Depth and sector settings were set to the 
minimal levels permitting display of the entire arterial 
lumen. Gain settings were set to levels optimizing the 
lumen/arterial wall interface. Only images providing 
high-quality definition of the arterial lumen and vessel 
edges were used (Figure 1A). System resolution in both 
axial and lateral planes for arterial images obtained 
in this manner has been reported to be approximately 
1 mm.!¢ 

Images were recorded on high-fidelity videotape for 
off-line analysis. The frame in which the arterial lumen 
was at its maximal diameter was frozen, then analyzed 
off-line for vessel dimensions and morphology. Each 
patient provided from 1 to 5 image sites per examina- 





 —— 


ultrasound image of site marked “A” on the angiogram (B). The arterial lumen is echo-free, and is outlined by the dotted line to 
determine luminal cross-sectional area. Arrow, hard plaque demonstrating hyperechoicity and acoustic shadowing. B, digital an- 
giogram of the right common femoral artery. Imaging points “A through E” indicate surface radiopaque markers. C, intravascu- 
lar ultrasound image from site “C” on the angiogram (B). Arrow, hard plaque demonstrating hyperechoicity and acoustic shad- 
owing. Catheter blank spot (c) is within the echo-free arterial lumen. D, intravascular ultrasound image taken from site “D” on 


the angiogram (B). Arrow indicates soft plaque. E, Doppler color 


flow external ultrasound image of site “E” on the angiogram 


(B). Shaded area, representing the color Doppler signal, is the vessel lumen. 
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tion. Radiopaque markers were placed on the skin sur- 
face to correlate external ultrasound imaging sites with 
angiography and intravascular ultrasound (Figure 1B). 

After external 2-dimensional imaging, Doppler col- 
or-flow imaging (Figure 1E) was performed at the 
same site using velocity-variance maps. Color gains and 
velocity limits were adjusted to obtain maximal lumen 
color, without a color signal overlying tissue. Reject was 
set to minimal levels. Angle-directed color Doppler op- 
timization was performed to produce the largest color 
jet possible within the vessel lumen. The color Doppler 
signal was superimposed on the previously frozen ana- 
tomic image for off-line dimension analysis. 

Image analysis was performed while blinded to re- 
sults of angiography and intravascular ultrasound. A 
commercially available digitizing pad, computer and 
software were used (Nova Microsonics, Mahwah, New 
Jersey). Two-dimensional images were examined for 
the occurrence of arterial plaque. The character of the 
plaque as either hypoechoic (soft) or hyperechoic with 
distal shadowing (hard) was noted.? Arterial lumen di- 
ameter was measured in the transverse plane of the ves- 
sel cross section. Lumen area was planimetered by trac- 
ing the entire lumen boundary with the arterial wall. 
For the Doppler color-flow image, the maximal trans- 
verse diameter of the color Doppler signal within the 
arterial cross section was measured. The complete color 
Doppler signal was planimetered for assessment of 
cross-sectional area. 

Intravascular ultrasound: Arterial access was se- 
cured with an 8Fr sheath, usually in the right femoral 
artery. An 8Fr Judkins right coronary artery guiding 
catheter was then positioned, either with or without the 
assistance of a guidewire in the contralateral femoral 
system. A commercially available intravascular ultra- 
sound system, consisting of a blunt-tipped 6Fr sheath 
containing a metal core with a single 20-MHz piezo- 
electric crystal bonded to the tip, and mechanically ro- 
tated at 900 rpm (BSC-Diasonics, Watertown, Massa- 
chusetts), was then positioned through the guiding 
catheter at the previously marked sites to obtain intra- 
vascular ultrasound images (Figure 1, C and D). The 
position of the intravascular ultrasound catheter was 
also recorded on cine film for subsequent determination 
of vessel dimensions by digital angiography. Images 
were analyzed for arterial plaque and dimensions in the 
same manner as external 2-dimensional ultrasound im- 
ages. System axial and lateral resolution tested in our 
laboratory at a 5.0-mm radial beam distance are 0.4 
and 1.3 mm, respectively. 

Digital subtraction angiography: A digital subtrac- 
tion angiogram of the femoral artery was then obtained 


by the injection, by hand, of nonionic contrast through 
the guiding catheter (Figure 1B). Images were record- 
ed with an ADAC 4100-C system, interfaced to a Gen- 
eral Electric-MPX L/U x-ray unit. Single-plane ante- 
rior-posterior view images were acquired with use of a 
9-inch image intensifier and fed into a 512 X 512 X 8 
pixel matrix at 30 frames/s. All areas of interest were 
centered to avoid pin-cushion distortion. R-wave-gated 
masked mode subtraction was performed after the pro- 
cedure. All images were acquired and stored in digital 
format. 

Images were analyzed while blinded to results of ul- 
trasound imaging with a previously validated, commer- 
cially available software program.'7.!8 A grid placed at 
the level of the artery was used for calibration. Abso- 
lute minimal luminal diameter, cross-sectional area and 
the presence of plaque in the region of the radiopaque 
markers and precisely at the previously recorded intra- 
vascular ultrasound catheter site were examined. Each 
site of plaque was further characterized as either con- 
taining or not containing calcium, to correspond poten- 
tially with the respective ultrasound designations of 
hard and soft plaque, as previously defined. 

Data analysis: Correlation of vessel dimensions be- 
tween imaging techniques were by linear regression 
analysis. R values represent Pearson correlation coeffi- 
cients. Discrete variables were compared by the chi- 
square test, with Yates’ correction. 


RESULTS 

As shown in Figures 2 and 3, vessel diameters and 
cross-sectional areas measured by intravascular ultra- 
sound correlated closely with those measured by exter- 
nal 2-dimensional imaging, Doppler color-flow imag- 
ing and digital subtraction angiography (all r >0.90). 
Whereas arterial dimensions determined by intravascu- 
lar ultrasound were linearly related to those deter- 
mined by both external 2-dimensional imaging and dig- 
ital subtraction angiography, dimensions determined by 
Doppler color-flow imaging tended to underestimate 
those determined by intravascular ultrasound, as indi- 
cated by the slope of the regression line >1.0 and the y 
intercept >0 for both diameter and cross-sectional area 
measurements. 

Intravascular ultrasound detected 15 sites of plaque 
of the total 29 sites examined. In all cases, the plaque 
resulted in <50% luminal diameter narrowing on intra- 
vascular ultrasound cross-sectional images. As shown in 
Figure 4, external 2-dimensional ultrasound imaging 
identified 12 of these 15 plaque sites (chi-square = 
1.48, p = 0.30 vs intravascular ultrasound). After 
plaque composition was distinguished as having either a 
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ion equations and correlation of arterial lumen areas measured by intravascular ultrasound and (A) 2- 
and (C) digital angiography. Individual data points are shown, 


as are regression equations, Pearson correlation coefficients (r), and standard error of the estimate for each equation. Abbrevia- 


tions as in Figure 2. 
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FIGURE 4. Relation of the presence and character of plaque 
detected by intravascular ultrasound to that determined by 2- 
dimensional external ultrasound and digital angiography. 
Plaque sites are distinguished by hard and soft plaque, as 
identified by intravascular ultrasound. 
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soft or hard appearance by intravascular ultrasound, all 
10 hard plaque sites were detected and characterized as 
having a hard appearance by external 2-dimensional 
imaging. Of the 5 plaque sites determined to have a 
soft appearance by intravascular ultrasound, only 2 
were detected by external 2-dimensional imaging, and 
both were characterized as soft. In no instance was 
plaque noted by external ultrasound and not by intra- 
vascular ultrasound. 

As also shown in Figure 4, angiography identified 
only 6 of 15 sites of plaque noted by intravascular ul- 
trasound (chi-square = 10.16, p = 0.003 vs intravascu- 
lar ultrasound). In all cases, the sites of plaque caused 
only minor irregularities of the angiographic lumen. 
When distinguished by plaque composition, only 5 of 
the 10 sites of hard plaque noted by intravascular ultra- 
sound were detected by angiography, and only | was 
thought to be calcified. The | site of soft plaque noted 


rr ea ee 


by intravascular ultrasound that had also been detected 
by angiography was not felt to be calcified on angiogra- 
phy. In no instance was plaque noted by angiography 
and not by intravascular ultrasound. 


DISCUSSION 

Arterial dimensions: These data indicate that in 
normal and minimally diseased segments, peripheral 
artery dimensions determined by intravascular ultra- 
sound correlate well not only with angiography, as has 
previously been shown,®* but also with dimensions de- 
termined by both external 2-dimensional ultrasound 
and Doppler color-flow imaging. The correlation with 
2-dimensional ultrasound imaging is a particularly im- 
portant observation. Angiography and ultrasound are 
entirely dissimilar imaging modalities. Whereas angiog- 
raphy provides a projectional, static image of the vessel 
of interest, usually in longitudinal views, intravascular 
ultrasound provides a real-time cross-sectional image. 
Given the dissimilarities between the 2 techniques, it is 
somewhat surprising that angiography and intravascu- 
lar ultrasound agreed as well as they did. 

Pandian et al? previously demonstrated in vitro 
that external ultrasound and intravascular ultrasound 
yield similar measurements of arterial dimensions.3 
This study extends those observations to the human in 
vivo setting by showing that whether the ultrasound im- 
age is acquired from a transducer external to the ar- 
tery, or from within the artery, the arterial dimensions 
are similar. In conjunction with the good correlations 
with angiographically determined arterial dimensions, 
such data would further support the validity of intra- 
vascular ultrasound for determination of human arteri- 
al dimensions. 

Doppler angiography: These data also provided us 
with the ability to assess the use of the color Doppler 
signal generated by arterial blood flow to produce a 
Doppler angiogram, or “angiodynography.” 12 It has 
been proposed that when the color Doppler signal is 
used to represent the blood flow within the vessel lu- 
men, the lumen thus outlined accurately represents the 
true vessel lumen. !? 

That this is indeed not the case is supported by our 
observation that, although arterial dimensions mea- 
sured by intravascular ultrasound and Doppler color- 
flow imaging are well correlated, the arterial lumen 
outlined by the color Doppler signal tends to be sys- 
tematically smaller than that determined by intravas- 
cular ultrasound. Similar results were noted when di- 
mensions determined by Doppler color flow were com- 
pared with external 2-dimensional ultrasound measure- 
ments as well as with digital angiographic measure- 


ments. This is not to say that Doppler color-flow imag- 


ing is not a valuable component of the noninvasive — 
ultrasound examination of the peripheral artery system. — 


Doppler color-flow imaging assists in vessel identifica- 
tion and recognition, identification of areas of disor- 
dered flow, more accurate spectral Doppler interroga- 
tion, and generally permits an easier and more rapid 
peripheral artery ultrasound examination.!! However, 
the color Doppler signal depends on the character of 
blood flow in terms of velocity, direction and associated 
turbulence, the angle of the Doppler beam with respect 
to flow, image and Doppler gain settings, and computer 
averaging techniques. The influence of these variables 
on the color Doppler signal results in a signal that 
typically underestimates arterial lumen size, and thus 
should not be used to determine arterial dimensions. 

Arterial morphology: The most noteworthy finding 
of this study is that sites of plaque noted by both intra- 
vascular and external ultrasound imaging are often not 
identified by angiography. We®® and others!%29 have 
previously noted discordance between the angiogram 
and intravascular ultrasound in determination of vessel 
wall morphology. Whether this was a result of artifacts 
of intravascular ultrasound imaging, errors of the an- 
giogram, or a combination of both, has been a matter 
of uncertainty. That intravascular and external ultra- 
sound correlated closely in the detection of plaque sites 
would indicate that the areas of plaque revealed by in- 
travascular ultrasound are likely not artifacts, but true 
sites of plaque that are beyond the resolution of the 
angiogram. These in vivo data would support patholog- 
ic data that indicate that ultrasound imaging correlates 
closely with histology in identifying arterial plaque, 1-5-2! 
whereas angiography correlates poorly with histology in 
identifying arterial plaque.???4 The angiogram appears 
to be especially poor at identifying plaque if the areas 
of plaque cause noncritical vascular Narrowing, as 
in this study, or are distributed in a concentric 
manner,?2.23 

Angiography also did not correlate well with either 
intravascular or external ultrasound in the determina- 
tion of plaque composition. Only 1 of 10 areas of hard 
plaque identified by ultrasound was thought to be calci- 
fied angiographically. Whether this is because of the 
insensitivity of angiography in detecting calcification, or 
the erroneous equation of hard plaque noted by intra- 
vascular ultrasound with the occurrence of tissue calci- 
fication, requires further histologic confirmation. It ap- 
pears that echogenic areas of plaque with acoustic 
shadowing noted by both intravascular245 and external 
ultrasound?! may be a result of either calcification, or 


fibrosis, or both. That the angiogram may be relatively Ral 
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insensitive in its ability to characterize plaque composi- 
tion may have important clinical implications. This 
may be especially relevant if the use of a particular 
interventional device, such as atherectomy, laser or 
ultrasonic ablation, is directed more toward a partic- 
ular type of plaque (i.e., calcified), as has been sug- 
gested, 56 

Study limitations: The excellent correlation of intra- 
vascular ultrasound, external ultrasound and angiogra- 
phy for assessment of vessel dimensions in normal and 
minimally diseased arteries likely does not extend to 
more severely diseased arteries. Assumption of lumen 
eccentricity with more extensive disease results in limi- 
tations of both single-plane angiography and ultrasound 
in the accurate characterization of vessel geometry and 
size. Recognition of this limitation does not, however, 
detract from the primary findings of this study: Under 
ideal circumstances intravascular ultrasound can accu- 
rately determine vessel dimensions and geometry, and 
vessel morphology characterized by intravascular ultra- 
sound is similar to morphologic assessments by external 
ultrasound. 
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Left Ventricular Diastolic Function in Patients 
with Left Ventricular Systolic Dysfunction 
Due to Coronary Artery Disease and 
Effect of Nicardipine 


Constantine N. Aroney, MBBS, Marc J. Semigran, MD, G. William Dec, MD, 
Charles A. Boucher, MD, and Michael A. Fifer, MD 


To assess the effect of nicardipine on left ven- 
tricular (LV) diastolic function independent of 
concurrent effects on loading conditions in pa- 
tients with LV systolic dysfunction due to coro- 
nary artery disease, equihypotensive doses of in- 
travenous nitroprusside and nicardipine were ad- 
ministered to 12 patients with congestive heart 
failure due to previous myocardial infarction (LV 
ejection fraction <0.40). LV micromanometer 
pressure and simultaneous radionuclide volume 
were obtained during a baseline period, during 
nitroprusside infusion, during a second baseline 
period and during nicardipine infusion. Mean 
systemic arterial pressure decreased an average 
of 21 mm Hg with nitroprusside and 19 mm Hg 
with nicardipine. A greater decrease in LV end- 
diastolic pressure was observed with nitroprus- 
side (29 + 2 to 15 + 2 mm Hg, p <0.01) than 
with nicardipine (29 + 2 to 25 + 3 mm Hg, p 
<0.05). There was a decrease in the time con- 
stant of relaxation during nitroprusside but not 
during nicardipine infusion. There was enough 
overlap in LV volumes in the baseline and nitro- 
prusside periods to compare diastolic pressure- 
volume relations over a common range of vol- 
umes in 4 patients, and enough overlap in the 
baseline and nicardipine periods in 11 patients. 
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The relation was shifted downward in 3 of 4 pa- 
tients taking nitroprusside and in 6 of 11 pa- 
tients taking nicardipine. The relation between 
end-diastolic pressure and volume was not shift- 
ed with nicardipine. Thus, in patients with LV 
systolic dysfunction due to coronary artery dis- 
ease, nicardipine shifted the diastolic pressure- 
volume relation downward in some patients, but 
did not alter the relation between end-diastolic 
pressure and volume, and, unlike nitroprusside, 
did not increase the rate of isovolumic relaxa- 
tion. With regard to acute effects on diastolic 
function, nicardipine did not offer an advantage 
over nitroprusside in this patient group. 

(Am J Cardiol 1991;67:823-829) 


bnormalities of diastolic left ventricular (LV) 
Awe have been described in patients with 

heart failure associated with systolic dysfunc- 
tion,!-3 and may contribute independently to elevated 
atrial pressures in this condition. Calcium antagonists 
improve diastolic function in some patients with coro- 
nary artery disease and normal systolic function.+5 
Therefore, it is possible that calcium antagonists would 
have a beneficial effect on diastolic function in patients 
with LV systolic dysfunction due to previous myocardi- 
al infarction. The new dihydropyridine calcium antago- 
nist nicardipine is a powerful coronary vasodilator.® 
Some studies have suggested that nicardipine improves 
diastolic function in patients with coronary artery dis- 
ease,’ including those with mild to moderate LV systol- 
ic dysfunction.® Since “pure” vasodilators such as nitro- 
prusside may favorably influence indexes of diastolic 
function, even in the absence of direct effects on dia- 
stolic properties of the myocardium,>-!' we compared 
the effects of nicardipine on diastolic function with 
those of equihypotensive doses of nitroprusside in pa- 
tients with LV systolic dysfunction resulting from coro- 
nary artery disease. 
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METHODS 

Patients: The study group comprised 11 men and | 
woman (mean age + standard error of the mean 64 + 
2 years) with LV systolic dysfunction (radionuclide 
ejection fraction <0.40) due to coronary artery disease. 
Five patients were in New York Heart Association 
class II, 2 were in class III and 5 were in class IV. All 
patients were in sinus rhythm. Nine patients were tak- 
ing digoxin, 11 diuretic drugs, 7 captopril or enalapril, 
11 long-acting nitrates, 3 diltiazem and 2 antiarrhyth- 
mic agents. Informed consent was obtained from all pa- 
tients. 

Hemodynamic measurements: Patients underwent 
left- and right-sided cardiac catheterization without 
premedication 8 to 24 hours after discontinuation of 
all cardiac medications except antiarrhythmic agents. 
Left-sided cardiac catheterization was performed from 
the femoral approach using a micromanometer catheter 
(Millar) in 11 patients and a fluid-filled catheter in 1 
patient. Systemic arterial pressure was measured from 
the sidearm of a femoral artery introducer. The follow- 
ing hemodynamic variables were recorded: heart rate, 
right atrial pressure, pulmonary artery wedge pressure, 
high-fidelity LV pressure, mean systemic arterial pres- 
sure and (in 11 patients) the first derivative of LV pres- 
sure (dP/dt) (by electronic differentiation). Cardiac in- 
dex and systemic and pulmonary vascular resistances 
were calculated from cardiac output obtained by the 
thermodilution technique. 

Hemodynamic and radionuclide data were obtained 
at baseline, with nitroprusside infused at an initial dos- 
age of 25 ug/min and titrated upward to achieve a 20- 
mm Hg decrease in mean systemic arterial pressure, 15 
minutes after discontinuation of nitroprusside, and with 
nicardipine infused at an initial dosage of 1 mg/min to 
achieve a 20-mm Hg reduction in mean arterial pres- 
sure (“bolus”) and titrated downward to maintain this 
reduction over a 10-minute period (“infusion”). 

Gated blood pool imaging: LV volume was calculat- 
ed from supine gated blood pool images as previously 
described.3 Briefly, scans were acquired in the anterior 
(16 frames) and left anterior oblique (32 frames) views 
after labeling of red blood cells in vivo with 30 mCi of 
technetium-99m. With use of the left anterior oblique 
view, a time-activity curve of the left ventricle was con- 
structed by a semiautomated edge-detection method 
with a variable region of interest. During nitroprusside 
infusion, the second baseline period and nicardipine in- 
fusion images were acquired in only the left anterior 
oblique view, and care was taken to avoid patient and 
camera movement during the study. Absolute LV end- 
diastolic volume at baseline was derived by a geometric 
biplane area-length method. Volumes at other time 
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points in the cardiac cycle and in the nitroprusside infu- 
sion, second baseline, and nicardipine infusion periods 
were calculated as the baseline end-diastolic volume 
multiplied by the ratio of counts in a particular frame 
to counts in the baseline end-diastolic frame. Counts 
were smoothed using a 3-point weighted moving aver- 
age (coefficients: 0.25, 0.50 and 0.25). Counts in scans 
obtained during nitroprusside infusion, second baseline 
and nicardipine infusion were corrected for differences 
from the baseline scan in acquisition time and frame 
interval and for physical and biologic decay of the 
isotope. 

Data analysis: In the 11 patients with high-fidelity 
LV pressure measurements, tracings from 4 consecu- 
tive beats at the midpoint of the gated scan acquisition 
were digitized on a Summagraphics Bitpad interfaced 
to a VAX 780 computer. Diastolic pressure-volume 
curves were constructed by plotting these pressures with 
the radionuclide ventriculographic volumes measured at 
the same intervals from the peak of the R wave of the 
electrocardiogram. A change in overall LV distensibili- 
ty during infusion of nitroprusside or nicardipine com- 
pared with baseline was defined as an LV pressure dif- 
ference >3 mm Hg in the passive filling portion of the 
diastolic pressure-volume relation. 

The time constant of LV isovolumic relaxation using 
the logarithmic method (T) was obtained in 11 pa- 
tients from micromanometer LV pressure. Ty was de- 
fined as the negative reciprocal of the slope of the linear 
fit of the natural logarithm of LV pressure (from di- 
crotic notch pressure to the pressure of the simulta- 
neous v wave of the pulmonary artery wedge tracing) 
versus time.'? In 10 patients with technically adequate 
data, the time constant (Tp) was also calculated as the 
negative reciprocal of dP/dt versus LV pressure over 
the same interval. !? 

Statistics: Results are expressed as mean + stan- 
dard error of the mean. Comparisons between 2 mea- 
surements were obtained by paired ż test. The 4 treat- 
ment periods were compared by analysis of variance, 
with differences between group means assessed by the 
Newman-Keuls test. Differences for which p <0.05 
were considered significant. 


RESULTS 

Hemodynamic responses to nitroprusside and ni- 
cardipine (Table 1): During nitroprusside infusion (59 
+ 11 wg/min), mean systemic arterial, right atrial, 
pulmonary artery and LV end-diastolic pressures de- 
creased, as did LV end-systolic and end-diastolic vol- 
umes. There was no significant change in heart rate or 
cardiac index. Nicardipine administration (bolus dose 
1.6 + 0.2 mg, infusion rate 0.26 + 0.02 mg/min, total 


dose 4.8 + 0.3 mg) caused a decrease in mean systemic systolic volume decreased, whereas end-diastolic vol- 
arterial pressure. Heart rate was not affected. There ume did not change. 

was no change in right atrial or pulmonary artery Comparison of the effects of nicardipine with those 
wedge pressures, although LV end-diastolic pressure of nitroprusside showed a similar decrease in mean sys- 
decreased slightly. Cardiac index increased. LV end- temic arterial pressure with the 2 drugs. LV end-systol- 





TABLE I Effects of Nitroprusside and Nicardipine on Hemodynamics and Indexes of Relaxation 








Pt.No. Condition HR Cl MAP RAP PCWP LVEDP LVEDV LVESV peak— dP/dt T, Tp 
















1 Baseline 83 2.13 


















Nitroprusside 77 1.99 64 3 8 9 367 
Baseline 96 1.77 77 6 22 29 400 305 1,000 66 111 
Nicardipine 88 2.15 66 7 23 25 400 312 915 72 76 
2 Baseline 110 1.84 87 11 37 35 568 515 800 91 
Nitroprusside 108 3.53 69 4 22 23 522 457 680 80 
Baseline 105 1.89 88 12 35 34 564 507 780 93 
Nicardipine 105 3.18 66 10 26 27 582 501 790 73 
3 Baseline 82 2.19 102 1 13 23 440 348 
Nitroprusside 87 2.14 71 0 1 2 345 268 
Baseline 80 2.42 92 2 14 22 422 345 
Nicardipine 79 3.02 60 2 5 6 400 303 
4 Baseline 84 1.89 73 1 15 24 352 314 800 66 90 
Nitroprusside 82 1.76 57 0 8 13 315 291 700 57 81 
Baseline 80 1.80 76 3 28 28 355 317 750 111 99 
Nicardipine 80 1.95 65 3 30 28 353 303 600 119 97 
5 Baseline 72 2.46 80 4 18 28 405 357 1,000 68 100 
Nitroprusside 72 2.39 72 E 6 17 362 302 950 44 72 
Baseline 69 2.27 81 4 27 30 405 345 950 68 113 
Nicardipine 71 3.16 70 6 23 27 387 321 900 60 89 
6 Baseline 84 1.65 85 8 34 34 363 295 975 92 141 
Nitroprusside 85 2:33. 72 2 15 20 349 286 941 52 82 
Baseline 82 1.80 85 8 35 36 363 300 993 85 125 
Nicardipine 88 2.09 72 10 39 35 354 296 865 102 89 
7 Baseline 83 1.94 88 8 32 35 427 344 975 87 128 
Nitroprusside 84 2.21 80 6 25 28 435 341 950 85 95 
Baseline 84 1.48 102 9 35 45 460 366 1,000 76 101 
Nicardipine 84 2.20 88 8 37 42 458 365 850 79 124 
8 Baseline 90 2.10 135 f 28 25 264 221 1,614 55 166 
Nitroprusside 90 2.10 90 (0) 2 5 204 178 1,410 32 63 
Baseline 88 2.00 129 1 14 25 250 210 1,310 59 80 
Nicardipine 90 2.60 80 0 7 12 231 188 1,290 57 55 
9 Baseline 100 1.26 88 13 38 32 404 365 825 88 89 
Nitroprusside 100 1.55 75 15 29 27 404 351 664 84 89 
Baseline 100 1.19 84 14 41 35 393 351 780 90 139 
Nicardipine 97 1.57 71 15 34 32 394 341 610 111 106 
10 Baseline 75 1.83 105 6 11 13 357 262 1,490 45 97 
Nitroprusside 75 1.83 84 5 6 8 300 217 1,380 35 76 
Baseline 74 1.76 100 9 10 12 360 273 1,430 50 77 
Nicardipine 74 2.75 85 7 13 15 345 237 1,410 46 76 
11 Baseline 91 1.15 89 6 36 34 431 390 990 65 120 
Nitroprusside 89 1.34 73 3 14 15 405 365 830 48 86 
Baseline 80 1.18 83 6 29 32 425 383 810 64 124 
Nicardipine 80 1.86 67 (0) 28 33 427 366 800 55 101 
12 Baseline 91 1.63 113 11 27 31 406 374 1,010 73 104 
Nitroprusside 53 1.21 70 4 7 12 392 351 820 55 103 
Baseline 85 1.42 94 12 16 25 410 363 910 73 102 
Nicardipine 65 1.92 71 10 13 22 400 362 890 55 110 
Mean Baseline 87 1.84 94 6 26 29 401 342 1,054 72 114 





+SEM 






Nitroprusside 






Baseline 







Nicardipine 







* p <0.05 versus preceding baseline; t p <0.05 versus nitroprusside. 
Values shown are mean values + standard error of the mean. 

Cl = cardiac index (liters /min/m2); HR = heart rate (beats/min); LVEDP = left ventricular end-diastolic Pressure (mm Hg); LVEDV = left ventricular end-diastolic volume (ml); 
LVESV = left ventricular end-systolic volume (ml); Peak — dP (/ dt = peak negative first derivative of left ventricular pressure (mm Hg/s); MAP = mean systemic arterial pressure (mm 
Hg); PCWP = pulmonary artery wedge pressure (mm Hg); RAP = right atrial pressure (mm Hg); SEM = standard error of the mean; Tp = time constant of isovolumic relaxation using 
derivative method (ms); T, = time constant of isovolumic relaxation using logarithmic method (ms). 
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ic volume was reduced to a greater extent by nitroprus- 
side than by nicardipine. LV preload, assessed by both 
end-diastolic pressure and end-diastolic volume, was re- 
duced to a much greater extent by nitroprusside than 
by nicardipine. 

Isovolumic relaxation (Table I): Peak negative LV 
dP/dt decreased with both nitroprusside and nicardi- 
pine. With nitroprusside, there were decreases in TL 
and Tp; these did not change significantly with nicar- 
dipine. 

Diastolic pressure-volume relation: Eleven of the 
study patients had complete pressure and volume data. 
Seven of these 11 had decreases in LV volume with 
nitroprusside that separated the baseline and nitroprus- 
side pressure-volume curves enough to prevent compar- 
ison over a common range of volume. Of the 4 patients 
with sufficient overlap of the curves to allow compari- 
son, nitroprusside caused a downward shift in the dia- 
stolic pressure-volume relation, indicating improved LV 
distensibility, in 3 (Figure 1). Comparison of the dia- 
stolic pressure-volume relation at baseline and with 
nicardipine was possible in 11 patients. Nicardipine 


caused a downward shift in the diastolic pressure-vol- 
ume relation in 6 of the 11 patients (Figure 2). To 
assess the effect of right-sided cardiac pressures on 
the LV diastolic pressure-volume relation, concomitant 
changes in right atrial pressure were noted. The pres- 
ence or absence of downward shifts with nitroprusside 
and nicardipine did not correlate with changes in right 
atrial pressure during drug administration. 

Mean end-diastolic pressure and volume for the 12 
patients during the 4 treatment periods are plotted in 
Figure 3. Visual inspection of these data indicates that 
nicardipine did not cause a significant shift in the rela- 
tion between end-diastolic pressure and volume away 
from that observed for the 2 baseline and nitroprusside 
periods; this conclusion is corroborated by an exponen- 
tial curve fit to the baseline and nitroprusside points. 


DISCUSSION 

We have previously reported the effects of nicardi- 
pine on systolic function in a larger group of patients 
with LV systolic dysfunction that included the present 
study group.'4 We found that nicardipine shifted the 
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pressure- 
tration of nitroprusside (closed circles). Overlap between baseline and nitroprusside 
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baseline period (open circles) and during adminis- 
curves sufficient to allow comparison of the 


LV end-systolic pressure-volume relation rightward, in- 
dicating a negative inotropic effect, in 12 of 14 patients. 
Despite this effect, there was an overall improvement in 
pump performance of the left ventricle due at least in 
large part to afterload reduction. To assess the direct 
effects of nicardipine on diastolic properties of the LV 
myocardium, we attempted to account for nonspecific 
influences of nicardipine mediated by load reduction by 
comparing its effects with those of the “pure” vasodila- 
tor nitroprusside. 

Isovolumic relaxation: The absolute value of peak 
negative dP/dt decreased with both nitroprusside and 
nicardipine, reflecting at least in part the sensitivity of 


1 


400 0500 


this index to afterload.!! The time constant of relaxa- 
tion was shortened with nitroprusside, as has been dem- 
onstrated in studies of normal dogs,!! as well as dogs!5 
and patients? with systolic dysfunction, but not normal 
subjects. The decrease in the time constant may be 
attributable to altered loading conditions, reduced end- 
systolic volume, more synchronous LV relaxation with 
nitroprusside, or a combination of these. !3:!7 

The effects of calcium channel blockers on indexes 
of relaxation are dependent on the population studied 
and the route of administration. Calcium antagonists 
shorten relaxation in some!*-!? but not in all? patients 
with hypertrophic cardiomyopathy. Verapamil does not 





FIGURE 2. Left ventricu- 


(open triangles) and dur- 
ing administration of ni- 
cardipine (closed trian- 
gles) in 11 patients. A 
downward shift of the 
diastolic pressure-volume 
relation in the passive fill- 
ing phase was present in 
6 patients (A) and absent 
in 5 patients (B). Patient 
numbers are indicated in 
the lower right-hand cor- 
ner of graphs. 
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alter Tp in patients with hypertension,”! and lengthens 
Tp in patients with aortic stenosis.'? Whereas the sys- 
temic administration of nifedipine or nicardipine to 
patients with coronary artery disease shortens relax- 
ation,°2. intracoronary nicardipine does not alteró 
and intracoronary nifedipine slows??? relaxation. The 
mechanisms underlying these findings were clarified by 
Walsh and O’Rourke”4 in a study of conscious dogs. 
They found that intravenous administration of calcium 
antagonists did not change or shortened relaxation in 
the presence of intact reflexes, but did not change or 
prolonged relaxation in the presence of 8 blockade. 
Thus, any beneficial effect of calcium antagonists on 
isovolumic relaxation appeared to result from reflex 
sympathetic stimulation. 

In the present study, the systemic administration of 
nicardipine to patients with systolic dysfunction result- 
ing from coronary artery disease did not affect the 
speed of isovolumic relaxation. This result probably 
represents a balance between negative and positive in- 
fluences on the speed of relaxation. The direct effect of 
calcium antagonists on myocardial relaxation appears 
to be negative, possibly because a reduction in cytosolic 
calcium concentration slows the rate of transfer of cal- 
cium from the contractile proteins to the sarcoplasmic 
reticulum.25:26 Possible counterbalancing positive influ- 
ences on the speed of relaxation include reflex sympa- 
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FIGURE 3. Pooled left ventricular end-diastolic pressure 
(LVEDP)-volume points for the first baseline (open circle), ni- 
troprusside (closed circle), second baseline (open triangle) 
and nicardipine (closed triangle) periods. Error bars repre- 
sent standard error of the mean. An exponential curve relating 
LVEDP to LV end-diastolic volume (LVEDV) was fit to the 
baseline and nitroprusside points. Nicardipine did not signifi- 
cantly shift the relation between end-diastolic pressure and 
volume away from the curve. 
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thetic stimulation, decrease in end-systolic volume due 
to afterload reduction, and coronary vasodilation result- 
ing in amelioration of ischemia and greater uniformity 
of relaxation. Blunting or absence of reflex sympathetic 
stimulation in response to vasodilation in patients with 
severe heart failure has been demonstrated previously.’ 
In the present study, catecholamine levels were not 
measured, but heart rate did not change in response to 
either nitroprusside or nicardipine. End-systolic volume 
decreased with nicardipine, despite the drug’s negative 
inotropic effect, as a result of afterload reduction. Fi- 
nally, nicardipine may have ameliorated ischemia in 
our patients, although it would not be expected to im- 
prove nonuniformity of relaxation associated with scar 
from previous infarction. 

Diastolic pressure-volume relation: Systemic vaso- 
dilator therapy with nitroprusside has been demon- 
strated to cause a downward shift in the LV diastolic 
pressure-volume relation in some patients with LV en- 
largement.>? The downward shift occurs with interven- 
tions that decrease preload, but not with those that re- 
duce afterload only,!° and may be related to ventricular 
interaction within the constraints of the pericardium.”* 
Nifedipine causes a downward shift in LV diastolic 
pressure-dimension relation in some!® but not all? pa- 
tients with hypertrophic cardiomyopathy. Verapamil 
does not shift the relation downward in most patients 
with hypertension?! or coronary artery disease with 
normal systolic function.’ In patients with dilated ven- 
tricles and high end-diastolic pressures, Ludbrook et 
al? demonstrated that nifedipine shifted the diastolic 
pressure-volume relation downward, and attributed the 
improvement in distensibility to lessening of external 
constraint to filling by the right ventricle. 

In this study of patients with LV systolic dysfunc- 
tion, the diastolic pressure-volume relation was shifted 
downward with nicardipine therapy in approximately 
half of the patients. Downward shifts did not result 
from diminished right ventricular distension, at least as 
judged from right atrial pressures. Thus, it is possible 
that nicardipine had a direct beneficial effect on LV 
distensibility. Evidence against such a specific effect of 
nicardipine comes from the presence of similar shifts 
with nitroprusside. Furthermore, the relation between 
end-diastolic pressure and volume was not shifted sig- 
nificantly with nicardipine. 

Study limitations: The prolonged duration of action 
of nicardipine precluded administration of nitroprusside 
and nicardipine in randomized order. The results of an 
acute study of the effects of a drug on resting hemody- 
namic parameters may not be directly extrapolated to 
conclusions regarding chronic therapy. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


A New Method for Estimating Preexcitation 
Index Without Extrastimulus Technique and Its 
Usefulness in Determining the Mechanism of 
Supraventricular Tachycardia 


Takeshi Yamashita, MD, Hiroshi Inoue, MD, Akira Nozaki, MD, Tsong-Teh Kuo, MD, 
Masahiro Usui, MD, Shinichiro Saihara, MD, and Tsuneaki Sugimoto, MD 





The preexcitation index has been shown to be 
useful in determining the mechanism of paroxys- 
mal supraventricular tachycardia (SVT) and the 
site of the accessory pathway in atrioventricular 
(AV) reentrant tachycardia. To test whether a 
preexcitation index could be computed analyti- 
cally instead of by scanning the whole SVT cycle 
with extrastimuli, 19 patients with SVT were 
studied. The new index was computed using the 
following formula: (AV conduction time during 
SVT) + (ventriculoatrial conduction time during 
ventricular pacing at the SVT cycle length) — 
(SVT cycle length). There was a strong correla- 
tion between the preexcitation index determined 
by the extrastimulus technique and the new in- 
dex in 15 patients in whom the preexcitation in- 
dex could be determined (r = 0.99, p <0.01). 
The value on the new index was >90 ms only in 
patients with dual AV nodal pathways. In the 4 
patients in whom the preexcitation index could 
not be determined by the extrastimulus tech- 
nique, the new index could differentiate AV reen- 
trant tachycardia (index for 2 patients, 60 and 
60 ms, respectively) from AV nodal reentrant 
tachycardia (index for 2 patients, 100 and 105 
ms, respectively). In conclusion, the new index 
provided help in determining the mechanism of 
SVT, even when retrograde atrial preexcitation 
by a ventricular extrastimulus did not occur. 
(Am J Cardiol 1991;67:830-834) 


r SES Se eee 
From the Second Department of Internal Medicine, Tokyo University 
Hospital, Tokyo, Japan. Manuscript received September 24, 1990; re- 
vised manuscript received and accepted December 7, 1990. 

Address for reprints: Takeshi Yamashita, MD, the Second Depart- 
ment of Internal Medicine, Tokyo University Hospital, 7-3-1, Hongo, 
Bunkyo-ku, Tokyo 113, Japan. 


830 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


premature ventricular stimulus introduced at 
A an appropriate moment during paroxysmal su- 
praventricular tachycardia (SVT) may preex- 
cite the subsequent atrial cycle. Retrograde atrial 
preexcitation has been used to verify the participation 
of an accessory pathway in the SVT circuit.!"3 Recent- 
ly, a preexcitation index was proposed as an aid in dis- 
tinguishing atrioventricular (AV) reentrant tachycardia 
from AV nodal reentrant tachycardia and determining 
the site of the accessory pathway in AV reentrant 
tachycardia.4 
To determine the preexcitation index, the whole 
SVT cycle needs to be scanned by ventricular extra- 
stimuli. This procedure is time-consuming and, in cer- 
tain cases, inappropriate, particularly in patients with 
left-sided free wall accessory pathways or dual AV nod- 
al pathways.*+° The preexcitation index is affected 
mainly by the SVT cycle length, the distance between 
the pacing site and the reentrant circuit, and the refrac- 
tory period of the pacing site.+° We hypothesized from 
this that the preexcitation index could be calculated an- 
alytically, using the ventriculoatrial conduction time 
during ventricular pacing and the AV conduction time 
during the SVT. The purpose of this study was to test 
this hypothesis. 


METHODS 

Study patients: The study group comprised 19 pa- 
tients, 14 men and 5 women aged 12 to 68 years (mean 
+ standard deviation 42 + 15) with SVT who under- 
went electrophysiologic study in the drug-free state. 
Fourteen of 19 patients had orthodromic AV reentrant 
tachycardia’ (8 with manifest and 6 with concealed 
Wolff-Parkinson-White syndrome). The remaining 5 
patients had AV nodal reentrant tachycardia.’ Patients 
were divided into 2 groups according to whether the 
preexcitation index could be determined by the extra- 
stimulus technique (group A, 15 patients) or not (group 
B, 4 patients). 


Electrophysiologic study: Multipolar electrode cath- 
eters (United States Catheters and Instruments, 6Fr) 


were introduced percutaneously and positioned in the 
high right atrium, right ventricular apex, His bundle 
region and, if possible, the coronary sinus. If an elec- 
trode catheter could not be introduced into the coro- 
nary sinus, a left atrial electrogram was recorded 
through an esophageal lead.* The distal pair of elec- 
trodes were used for electrical stimulation, and the 
proximal pair for recording. Stimulation was performed 
with 2-ms rectangular pulses at twice the late diastolic 
threshold using a digital programmable stimulator (Fu- 
kuda Denshi, BC02). Intracardiac electrograms filtered 
at 30 to 500 Hz and electrocardiographic leads I, aVF, 
and V; were recorded simultaneously at paper speeds of 
50 to 100 mm/s on an ink-jet recorder (Nihon Kohden, 
RIJ2108) and on an FM tape using a cassette tape 
recorder (TEAC MR-40) for later analysis. 

Pacing protocol: In each patient, SVT with narrow 
QRS was induced by ventricular extrastimulation. A 
single extrastimulus was introduced during the SVT 
from the right ventricular apex. The coupling interval 
was shortened in 5-ms steps until either the ventricular 
effective refractory period was reached or the SVT was 
terminated. Atrial preexcitation by a ventricular extra- 
stimulus during SVT was considered present (group A, 
15 patients) when the atrial cycle length encompassing 
the ventricular premature complex decreased suddenly 
by 210 ms.* In the remaining 4 patients (group B), 
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retrograde atrial preexcitation did not occur with a sin- 
gle ventricular extrastimulus. The preexcitation index 
was defined as the difference between the SVT cycle 
length and the longest coupling interval of the ventricu- 
lar extrastimulus that preexcited the atria.4 During 
SVT, the anterograde conduction time (T1) from the 
earliest atrial activation among the recording sites to 
the right ventricular apex was determined. The retro- 
grade conduction time (T2) from the right ventricular 
apex to the earliest atrial activation was determined 
during right ventricular pacing at SVT cycle length. 
Analytical prediction of preexcitation index: Our 
new index was computed by the following formula: T1 
+ T2 — CL, where CL is the SVT cycle length (Figure 
1). Figure 1 shows the fundamentals for constructing 
the formula. The right ventricular electrogram is re- 
corded at EGI, and the earliest atrial activation at 
EG2. The exit and entry of the reentrant circuit are 
supposed to be located at the same site, i.e., point P. T1 
is the anterograde conduction time from EG2 to EG1 
during SVT, which is equal to the SVT cycle length 
minus Z plus Y (Figure 1A). T2 is the retrograde con- 
duction time from EG1 to EG2 during ventricular pac- 
ing at the SVT cycle length, which is equal to X plus Z 
(Figure 1B). For the wave front produced by an extra- 
stimulus from EG1 to collide with the spontaneous or- 
thodromic wave front at point P, the spontaneous wave 
front should be located at point Q, which lies by time X 
short of point P (Figure 1C). It is time X plus Y before 
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equals time X plus Y. Time X and Y can be computed mathematically, as shown in D. See text for details. AP = accessory path- 


way; AVN = atrioventricular node. Star indicates the pacing site 
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TABLE I Electrophysiologic Data 


CL Our Index 
(ms) (ms) 


Pt. Age(yr) 
No. &Sex 


Typeof Pl T1 T2 
PSVT (ms) (ms) (ms) 


300 
270 
320 
400 
310 
340 
300 
310 
310 
350 
420 
300 
320 
300 
450 


SSsSssSSss 


270 
260 
390 
265 


AVNRT = atrioventricular nodal reentrant tachycardia; c = concealed; CL = cycle 
length of paroxysmal supraventricular tachycardia; Pl = preexcitation index; PSVT = 
paroxysmal supraventricular tachycardia; T1 = atrioventricular conduction time dur- 
ing paroxysmal supraventricular tachycardia; T2 = ventriculoatrial conduction time 
during right ventricular pacing at the cycle length: WPW = Wolff-Parkinson-White 
syndrome. 

Our index is computed as T1 + T2 — cycle length. 





the orthodromic wave front is expected to reach EG1, 
when the orthodromic wave front lies at point Q. This 
indicates that the preexcitation index equals time X 
plus Y. Time X plus Y cannot be determined by con- 
ventional electrophysiologic study, but can be calculat- 
ed mathematically, as shown in Figure 1D. Our index 
calculated by this formula was compared with the 
preexcitation index determined by the extrastimulus 
technique in group A patients. Additionally, we tested 
whether our index ceuld differentiate AV reentrant 
tachycardia from AV nodal reentrant tachycardia in 
group B patients, in whom retrograde atrial preexcita- 
tion did not occur with the extrastimulus technique. 

Statistical analysis: Data are expressed as means + 
standard deviation. The relation between the preexcita- 
tion index and our index was evaluated by linear re- 
gression analysis. Statistical significance was set at p 
<0.05. 


RESULTS 

Relation between preexcitation index and our in- 
dex: Pertinent data are summarized in Table I. A rep- 
resentative example is illustrated in Figure 2. In a pa- 
tient (no. 4) with a left-sided accessory pathway and an 
SVT cycle length of 400 ms, atrial preexcitation first 
occurred with a ventricular extrastimulus at a coupling 
interval of 340 ms (Figure 2A). Consequently, the 
preexcitation index was 60 ms (400 minus 340 ms). 
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During the SVT, the earliest atrial activation was locat- 
ed in the region of the coronary sinus, and the antero- 
grade conduction time (T1) from the coronary sinus 
region to the right ventricular apex was 290 ms (Figure 
2A). Ventricular pacing during sinus rhythm at the 
SVT cycle length revealed that retrograde conduction 
time (T2) from the right ventricular apex to the coro- 
nary sinus region was 160 ms (Figure 2B). Therefore, 
our index was calculated as 50 ms (T1 + T2 — CL = 
290 + 160 — 400 ms) according to the formula (Fig- 
ure 1). Linear regression analysis revealed a strong cor- 
relation between the preexcitation index and our index 
in group A patients (r = 0.99, p <0.01, Figure 3). Our 
index was about 10 ms shorter than the preexcitation 
index determined by the extrastimulus technique. In 3 
patients with AV nodal reentrant tachycardia, the 
preexcitation index was longer than 100 ms, a finding 
consistent with the previous study.4 Our index was >90 
ms only in patients with AV nodal reentrant tachycar- 
dia. 

Usefulness of our index in determining the mecha- 
nism of supraventricular tachycardia: In group B pa- 
tients (2 with a left-sided free wall accessory pathway, 
2 with dual AV nodal pathways), retrograde atrial 
preexcitation by a ventricular extrastimulus during 
SVT did not occur. Our indexes were 60 ms in 2 pa- 
tients with a left-sided free wall accessory pathway, and 
100 ms and 105 ms, respectively, in 2 patients with 
dual AV nodal pathways. When a value of 90 ms on 
our index was selected as a cut-off point, the sensitiv- 
ity and specificity for diagnosing AV nodal reentrant 
tachycardia were 80 and 100%, respectively, in our 19 
patients. 


DISCUSSION 

The major findings of this study are that our new 
index was almost identical with the preexcitation index 
determined by the extrastimulus technique, and that 
our index was useful in determining the mechanism of 
SVT even when ventricular extrastimuli failed to preex- 
cite the atria. 

Preexcitation index: SVTs are frequently due to 2 
mechanisms: AV nodal reentry and orthodromic AV 
reentry by an accessory pathway. Several electrophysio- 
logic criteria have been reported to distinguish these 2 
mechanisms.!~>?-!! However, these criteria have limi- 
tations. Miles et al* proposed the concept of “preexcita- 
tion index” as a more useful way to determine the 
mechanism of SVT and to predict the site of the acces- 
sory pathway in AV reentrant tachycardia. A preexci- 
tation index >75 ms occurred only with a left-sided 
free wall accessory pathway or dual AV nodal path- 
ways, and a preexcitation index <45 ms only with a 
septal accessory pathway.* 


— 


In patients with a left-sided free wall accessory 
pathway or dual AV nodal pathways, retrograde atrial 
preexcitation sometimes cannot be demonstrated by in- 
troducing a single extrastimulus scanning the whole 
SVT cycle.*+>.° The preexcitation index is limited in its 











FIGURE 2. Representative example of calculating our index in 


a patient with a left-sided pathway (patient no. 4). 
Electrocardiographic leads I, aVF, and V;, and electrograms 
recorded at the high right atrium (HRA), coronary sinus (CS). 
His bundle region (HB) and right ventricle (RV) are arranged 
from top to bottom. A, during reciprocating tachycardia with 
a cycle length of 400 ms, the earliest atrial activation site was 
located in the coronary sinus region. The anterograde conduc- 
tion time (T1) from the earliest atrial activation site to the 
right ventricle was 290 ms. Retrograde atrial preexcitation in 
response to an extrastimulus (S2) from the right ventricular 
apex occurred. Atrial preexcitation did not occur in this pa- 
tient until the coupling interval of the ventricular extrastimulus 
was decreased to 340 ms, at which time the A; to Az interval 
decreased from 400 to 390 ms. The preexcitation index was 
therefore 60 ms (400 — 340 ms). B, right ventricular pacing 
during sinus rhythm at a cycle length of 400 ms revealed that 
the retrograde conduction time (T2) from the right ventricle to 
the coronary sinus region was 160 ms. Consequently, our in- 
dex was 50 ms (290 + 160 — 400 ms), close to the preexcita- 
tion index. A;, V; = spontaneous atrial and ventricular com- 
plex during the tachycardia; A2, V2 = atrial and ventricular 
complex produced by $2; A-V = atrioventricular conduction 
time, i.e., T1; V-A = ventriculoatrial conduction time, i.e., T2. 





use by the refractory period of the pacing site, and 
cannot differentiate AV reentrant tachycardia with a 
left-sided free wall accessory pathway from AV nodal 
reentrant tachycardia.* A previous report demonstrated 
the role of the stimulating site in the occurrence of atri- 
al preexcitation.° Other investigators showed the advan- 
tage of introducing double ventricular extrastimuli to 
demonstrate atrial preexcitation in patients with a left- 
sided free wall accessory pathway.® Changing the stim- 
ulating site or increasing the number of extrastimuli is 
an alternative way to manifest atrial preexcitation.56 
However, this makes the procedure much more time- 
consuming, and the preexcitation index measured by 
these methods becomes too complicated for clinical us- 
age. 

Methodologic considerations: This study presented 
an easier and faster way to determine an index almost 
identical to the preexcitation index. Our index was as 
effective as the preexcitation index‘ in determining the 
SVT mechanism. In addition, our index could be ap- 
plied to patients in whom retrograde atrial preexcitation 
could not be demonstrated with ventricular extrastimu- 
li, because it is not affected by the refractory period of 
the pacing site. 

Our index was almost 10 ms shorter than the preex- 
citation index determined by the extrastimulus tech- 
nique (Figure 3). If the preexcitation index were de- 
fined using the coupling interval at which the antidro- 
mic wave front produced by an extrastimulus collided 
with the spontaneous wave front at the exit of the reen- 


Y=1.09X+5.99 
r=0.99 
p<0.01 
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FIGURE 3. Relation between the preexcitation index (PI), or- 
dinate, and our index, abscissa. Open circles indicate patients 
with atrioventricular reentrant tachycardia (AVRT), and 
closed circles patients with atrioventricular nodal reentrant 
tachycardia (AVNRT). There was a strong correlation be- 
tween the 2 indexes. The solid line and dashed line 

a line of identity and a regression line (Y = 1.09X + 5.99), re- 
spectively. 
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trant circuit and not with the coupling interval at which 
retrograde atrial preexcitation 210 ms occurred, the 
preexcitation index would be almost the same as our 
index. 

Although we considered our index to be almost 
identical to the preexcitation index,* it could be differ- 
entiated from the preexcitation index. At shorter cou- 
pling intervals of extrastimuli, the preexcited atrial in- 
terval would be slightly longer than the ventricular 
interval because of the rate-dependent depression of in- 
traventricular conduction.'? Prematurity of ventricular 
extrastimuli would be increased to manifest retrograde 
atrial preexcitation. Consequently, the preexcitation in- 
dex cannot correctly reflect the distance between the 
pacing site and the reentrant circuit in cases with a high 
preexcitation index. In contrast to the preexcitation in- 
dex, our index could differentiate AV reentrant tachy- 
cardia with a left-sided free wall accessory pathway 
from AV nodal reentrant tachycardia. This might be 
because our index is not dependent on the rate-depen- 
dent conduction delay. The components (T1, T2, CL) 
used to calculate our index are the conduction time de- 
termined at the same basic cycle length, i.e., the SVT 
cycle length. 

Clinical implications: The advantages of our index 
over the preexcitation index are as follows. First, our 
method saves time, because the whole SVT cycle does 
not need to be scanned. Second, our method can be 
applied to patients in whom SVT is not sustained. 
Third, our index is not affected by the refractory period 
of the pacing site or rate-dependent conduction delay. 
Therefore, our method can be used in patients in whom 
ventricular extrastimuli failed to preexcite the atria. 
From the present study, however, we should not con- 
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clude that the whole SVT cycle does not need to be 
scanned by ventricular extrastimuli. Induction of ven- 
tricular extrastimuli during SVT is still mandatory to 
exclude the presence of additional accessory pathways 
or intraatrial reentry. 


REFERENCES 

1. Gallagher JJ, Pritchett ELC, Sealy WC, Kasell J, Wallace AG. The preexcita- 
tion syndromes. Prog Cardiovasc Dis 1978;20:285-327. 

2. Sellers TD, Gallagher JJ, Cope GD, Tonkin AM, Wallace AG. Retrograde 
atrial preexcitation following premature ventricular beats during reciprocating 
tachycardia in Wolff-Parkinson-White syndrome. Eur J Cardiol 1976;4:283- 
294. 

3. Gallagher JJ. Accessory pathway tachycardias: techniques, electrophysiologic 
study and mechanisms. Circulation 1987;(supp| 111):111-31-111-36. 

4. Miles WM, Yee R, Klein GA, Zipes DP, Pristowsky EN. The preexcitation 
index: an aid in determining the mechanism of supraventricular tachycardia and 
localizing accessory pathway. Circulation 1986;,74:493-500. 

5. Benditt DG, Benson DW, Dunnigan A, Gornick CC, Ring WS, Almquist A, 
Tobler HG, Milstein S. Role of extrastimulus site and tachycardia cycle length in 
inducibility of atrial preexcitation by premature ventricular stimulation during 
reciprocating tachycardia. Am J Cardiol 1987;60:811-819. 

6. Packer DL, Ellenbogen KA, Colavita PG, O'Callaghan WG, German LD, 
Prystowsky EN. Utility of introducing ventricular premature complexes during 
reciprocating tachycardia in specifying the location of left free wall accessory 
pathways. Am J Cardiol 1989;63:49-57. 

7. Josephson ME, Seides SF. Supraventricular tachycardias. In: Josephson ME, 
Seides SF, eds. Clinical Cardiac Electrophysiology. Techniques and Interpreta- 
tions. Philadelphia: Lea & Febiger, 1979:147-210. 

8. Brinkley PF, Bush CA, Fleishman BL, Leier CV. In vivo validation of the 
origin of the esophageal electrogram. J Am Coll Cardiol 1986,7:813-818. 

9. Wellence HJJ, Schuillenberg RM, Durrer D. Electrical stimulation of the 
heart in patients with Wolff-Parkinson-White syndrome type A. Circulation 
1971;43:99-1 14. 

10. Benditt DG, Pritchett ELC, Smith WM, Gallagher JJ. Ventriculoatrial 
intervals: diagnostic use in paroxysmal supraventricular tachycardia. Ann Intern 
Med 1979:91:161-166. 

11. Gallagher JJ, Pritchett ELC, Benditt DG, Tonkin AM, Campbell RWF, 
Dugan FA, Bashore TM, Tower A, Wallace AG. New catheter techniques for 
analysis of the sequence of retrograde atrial activation in man. Eur J Cardiol 
1977;6:1-14. 

12. Brooks CM, Hoffman BF, Suckling EE, Orias O. Excitability of the Heart. 
New York and London: Grune & Stratton, 1955:197. 





Usefulness of the Electrophysiology Laboratory 
for Evaluation of Proarrhythmic Drug Response 
in Coronary Artery Disease 


Alfred E. Buxton, MD, Mark E. Rosenthal, MD, Francis E. Marchlinski, MD, John M. Miller, MD, 
Belinda Flores, RN, MN, and Mark E. Josephson, MD 


Two potential manifestations of proarrhythmic 
responses to type IA antiarrhythmic agents in 
the electrophysiology laboratory were evaluated 
in 122 patients with chronic coronary artery dis- 
ease and previous myocardial infarction: (1) con- 
version of uniform nonsustained ventricular 
tachycardia (VT) into sustained VT after drug 
administration, and (2) induction of sustained VT 
by fewer extrastimuli after drug administration. 
Forty-two patients were evaluated for nonsus- 
tained VT. Eighty patients were evaluated for 
sustained VT: 30 of these had spontaneous sus- 
tained VT only while receiving empiric therapy 
with quinidine or procainamide, whereas the re- 
maining 50 developed spontaneous VT in the ab- 
sence of antiarrhythmic drugs. All patients un- 
derwent programmed stimulation in the baseline 
state and after procainamide. Four patients had 
conversion of induced uniform nonsustained VT 
into the same morphology, but sustained VT af- 
ter procainamide administration. These re- 
sponses only occurred in patients evaluated for 
nonsustained VT. 

Over 90% of patients presenting with sus- 
tained VT had uniform sustained VT induced at 
the baseline study and after procainamide, re- 
gardless of whether the spontaneous arrhythmia 
occurred only in the presence or absence of anti- 
arrhythmic drugs. There was no significant dif- 
ference in the change in mode of induction from 
baseline to procainamide study, regardless of 
whether patients had developed spontaneous VT 
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only in the presence or absence of antiarrhyth- 
mic drugs. One patient with no inducible VT at 
the baseline study had inducible uniform sus- 
tained VT after procainamide administration, 
and 1 patient with inducible VT at baseline de- 
veloped spontaneous sustained uniform VT after 
procainamide administration. Both patients had 
developed spontaneous sustained VT only while 
receiving therapy with type IA agents. 

It is concluded that potential proarrhythmic 
effects may be observed in response to procain- 
amide administration in the electrophysiology 
laboratory, but that this response is unusual in 
this population of patients with chronic coronary 
artery disease and ventricular arrhythmias: in 4 
of 42 patients (10%) with spontaneous nonsus- 
tained VT, and 2 of 80 patients (2.5%) present- 
ing with spontaneous sustained VT. It is prema- 
ture to consider a decrease in the number of ex- 
trastimuli required to induce sustained VT after 
drug administration as a proarrhythmic drug ef- 
fect. 

(Am J Cardiol 1991;67:835-842) 


uate patients who have developed arrhythmias 

only during empiric treatment with antiarrhyth- 
mic agents for asymptomatic arrhythmias such as ven- 
tricular premature complexes or nonsustained ventricu- 
lar tachycardia (VT). It is often unclear in such cases 
whether the spontaneous arrhythmia was facilitated by 
the antiarrhythmic agent (a manifestation of a “proar- 
rhythmic” effect), or whether the event represented 
failure of the drug to prevent an arrhythmia that would 
have occurred even in the absence of the antiarrhyth- 
mic agent. 

Previous reports have used many definitions of 
proarrhythmic drug effects, and investigators have used 
varied techniques to assess the proarrhythmic effects 
of drugs.'"'' Studies using programmed stimulation 
have demonstrated that administration of antiarrhyth- 


835 


E lectrophysiologists are frequently asked to eval- 
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TABLE I Patient Data 


Gender 


Group (% Male) 


61 +10.0 
61+9.7 
584 11.2 
* p< 0.05 vs groups 2 and 3. 


Results are expressed as mean + standard deviation. 
LVEF = left ventricular ejection fraction; VT-S = sustained VT. 


mic drugs may change the arrhythmia induced from 
self-terminating to a sustained event. The responses re- 
ported, however, have varied, including changing induc- 
ible polymorphic nonsustained VT to uniform sustained 
VT!° and conversion of nonsustained uniform VT to a 
similar but different sustained VT morphology’ or sus- 
tained polymorphic VT.*” Other reports have noted no 
VT induction during the baseline study, followed by in- 
duction of sustained VT after drug.®:!! 

Other phenomena in the electrophysiology laborato- 
ry have been proposed as representing proarrhythmia. 
One frequently cited proposed manifestation of proar- 
rhythmic response is a change in the mode of induction 
from a “more” to “less” aggressive stimulation protocol 
(induction of VT by fewer extrastimuli after drug).4+? 
However, none of these studies have attempted to cor- 
relate these observations with clinical events. 

In this report, we analyze 2 potential electrophysio- 
logic manifestations of so-called proarrhythmia in pa- 
tients with chronic coronary artery disease and ventric- 
ular arrhythmias: (1) conversion of induced uniform 
nonsustained VT into sustained VT after drug adminis- 
tration, and (2) alteration in the inducibility of VT and 
in the mode of induction of VT by procainamide. 


METHODS 

Patient population: We studied 3 groups of patients 
with coronary artery disease and remote myocardial in- 
farction. The first comprised 42 consecutive patients re- 
ferred for electrophysiologic evaluation of nonsustained 
VT (group 1). In each case spontaneous nonsustained 
VT was documented in the absence of antiarrhythmic 
medication. Nineteen of these 42 had a history of syn- 
cope: 5 patients developed syncope only after receiving 
type IA antiarrhythmic agents (procainamide: 3 pa- 
tients; quinidine: 2 patients) as empiric therapy for 
asymptomatic nonsustained VT, whereas the other 14 
developed syncope in the absence of antiarrhythmic 
agents. The remaining 23 patients had no history of 
syncope. 

The second and third groups comprised 80 consecu- 
tive patients, all of whom had coronary artery disease 
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No Spontaneous 
Episodes of VT-S 


39 + 14.3* 
27+10.0 
314137 


and previous myocardial infarction, who were referred 
for evaluation of electrocardiographically documented, 
hemodynamically stable, uniform sustained VT. Thirty 
of these (group 2) developed spontaneous sustained VT 
only after receiving type IA antiarrhythmic agents em- 
pirically (quinidine: 8 patients; procainamide: 22 pa- 
tients). The remaining 50 patients (group 3) presented 
with sustained VT in the absence of antiarrhythmic 
drugs. We chose to evaluate group 2 because in each 
case the arrhythmia occurred only in the presence of 
procainamide or quinidine. Thus, in group 2 patients, 
the arrhythmia might have resulted from a proarrhyth- 
mic drug effect. Group 3 was chosen as a control group 
in whom antiarrhythmic drugs could not have contrib- 
uted to the development of spontaneous VT. Patient 
gender and age were similar for all 3 groups but the left 
ventricular ejection fraction was significantly higher for 
group | than groups 2 and 3 (Table 1). 

No patient had evidence of the drug-induced or id- 
iopathic long QT syndrome. No patient had evidence of 
acute myocardial infarction at the time of or subse- 
quent to the spontaneous arrhythmic event, and no pa- 
tient had unstable angina. 

Procedure: All patients underwent programmed 
stimulation after all antiarrhythmic agents were dis- 
continued for >5 half-lives. Written informed consent 
was obtained in all cases. Programmed stimulation was 
performed using a custom-designed digital stimulator 
(Bloom Associates, Reading, Pennsylvania) that deliv- 
ered rectangular pulses 1 ms in duration. An 8-beat 
drive followed by | to 3 extrastimuli was delivered. A 
2- or 3-second pause was inserted between each test. At 
least 2 drive cycle lengths were used in each patient 
(usually 600 and 400 ms). Bursts of 5 to 15 beats, sepa- 
rated by 2 to 3 seconds at cycle lengths of 350 to 250 
ms, were delivered in each case before delivery of triple 
extrastimuli. In patients with nonsustained VT or syn- 
cope, =2 right ventricular sites were stimulated. In pa- 
tients presenting with sustained uniform VT, if pro- 
grammed stimulation at 2 right ventricular sites failed 
to induce sustained VT, left ventricular stimulation was 
performed using the same protocol. Up to 3 extrastimu- 
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li at each cycle length and site were delivered in addi- 
tion to burst pacing at cycle lengths of 350 to 250 ms. 
The sequence for programmed stimulation was as fol- 
lows: a single extrastimulus was delivered in late dias- 
tole with the coupling interval reduced by 10 ms until 
ventricular refractoriness was reached or sustained VT 
was induced. If a single extrastimulus failed to induce 
sustained VT or ventricular fibrillation, a second extra- 
stimulus was added: the first extrastimulus was placed 
240 ms above refractoriness, and the interval from the 
first to second extrastimulus was equal to the interval 
from the last complex of the drive to the first extrastim- 
ulus. The second extrastimulus was decreased in 10-ms 
decrements until refractoriness was reached, at which 
time the first extrastimulus was moved 10 ms earlier, 
This sequence was repeated until sustained VT was in- 
duced or both extrastimuli reached refractoriness. If no 
sustained VT was induced, a third extrastimulus was 
added; the first extrastimulus was again placed >40 ms 
above the effective refractory period and each subse- 
quent extrastimulus was initially placed at the same in- 
terval above the previous extrastimulus. The interval 
from the second to third extrastimulus was decreased 
by 10-ms decrements until it failed to capture, at which 
time the coupling interval from the first to second ex- 
trastimulus was decreased by 10 ms in the manner de- 
scribed earlier. All steps in the stimulation protocol 
were performed first at the right ventricular apex, then 
at the outflow tract—that is, single extrastimuli were 
delivered at the apex, then at the outflow tract, fol- 
lowed by double extrastimuli at the apex and outflow 
tract, etc. The end point of the stimulation protocol was 
induction of sustained VT or completion of the protocol 
to refractoriness of all 3 extrastimuli. 

Surface electrocardiographic leads (I, II or 
aVF, V,) were recorded on a multichannel oscilloscope 
(Electronics for Medicine VR16) together with bipolar 
intracardiac electrograms from the right ventricular 
stimulating catheters (filtered at 30 to 500 Hz). If sus- 
tained VT was induced, a 12-lead electrocardiogram 
was recorded. Data were recorded simultaneously using 
an ink-jet recorder (Siemens mingograph) and magnet- 
ic tape (Honeywell model 5600C). 

After completion of the baseline stimulation proto- 
col, all patients received procainamide. Procainamide 
was infused at a rate of 50 mg/min to a total dose of 
15 mg/kg. The infusion rate was then decreased to 
0.11 mg/kg/min. After 5 minutes at this infusion rate, 
a serum specimen for procainamide level was obtained 
and stimulation was commenced. This protocol for pro- 
cainamide administration was used because we have 
found it useful in maintaining a relatively constant level 


for the duration (20 to 30 minutes) of programmed 
stimulation during the test.!? Programmed stimulation 
was performed after procainamide in the same fashion 
as described earlier during the baseline state. 

Definitions: Sustained VT was defined as tachycar- 
dia lasting >30 seconds or requiring termination in 
<30 seconds because of hemodynamic decompensation 
in the laboratory. 

Nonsustained VT was defined as VT lasting from 3 
beats to 30 seconds, terminating spontaneously, at rates 
of =120 beats/min. 

Uniform VT was defined as a single morphology, 
constant in 23 recorded electrocardiographic leads for 
the majority of an episode of tachycardia. 

The ventricular effective refractory period was de- 
fined as the longest S; to S interval that failed to cap- 
ture the ventricle. For this study this value was deter- 
mined at a paced cycle length of 600 ms, unless the 
sinus rate made it necessary to pace at a shorter cycle 
length. 

Statistical analysis: Data are presented as mean + 
standard deviation. Statistical comparison of contin- 
uous variables was performed using the unpaired z 
test. Analysis of variance was used to compare values 
among the 3 patient groups. A p value <0.05 was con- 
sidered statistically significant. 


RESULTS 

Group 1: Programmed stimulation in the baseline 
state induced only nonsustained uniform VT in 9 of the 
42 patients, both nonsustained and sustained uniform 
VT in 6 patients, only sustained uniform VT in 17 pa- 
tients, and only polymorphic VT in 6 patients. Four 
patients had no inducible VT. Of the patients in whom 
only uniform nonsustained VT was induced, morpholo- 
gy varied in 2 (staying constant in | morphology for 3 
or 4 complexes and then switching to a second mor- 
phology for 2 to 5 complexes), whereas in the remain- 
ing 4 patients only a single morphology was induced 
(Table II). In 5 patients, the nonsustained uniform 
tachycardia induction was reproducible (the induction 
was repeated 25 times), whereas in | the tachycardia 
could be induced only once, despite multiple attempts. 
The nonsustained uniform tachycardias were induced 
by a single extrastimulus in 4 patients, by double extra- 
stimuli in 3 patients and by triple extrastimuli in 8 pa- 
tients. In each patient the stimulation protocol was 
completed through triple extrastimuli to refractoriness 
of each extrastimulus without induction of any sus- 
tained tachycardia in the baseline state. 

Programmed stimulation after procainamide admin- 
istration failed to induce any VT in 11 of the 42 pa- 
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Increase in 
VRP (%) 


Baseline VRP Procainamide 


Patients (ms) VRP (ms) (ms) 


260.00 
270.00 
260.00 
300.00 
272.50 

18.93 


Baseline VTCL Procainamide 


Baseline: No. of 
Cycles of Uniform 
VT Induced 


Procainamide 
Level (mg/liter) 


Increase in 


VTCL (ms) VTCL (%) 


Patients with No VT Inducible After Procainamide 


=11 “Ea 241.00 


22.34 


257.00 
27.51 


270.00 
78.26 


10.18 
2.35 


Patients with VT Inducible After Procainamide 


n=27 Mean 250.83 277.50 
SD 30.88 29.27 
SD = standard deviation; VRP = measured ventricular effective refractory period; VT 


same morphology before and after procainamide 
Subgroups of group 1 did not differ significantly from each other in any parameter. 


tients, whereas uniform nonsustained VT only was in- 
duced in 9 patients, and uniform sustained VT was in- 
duced after procainamide administration in 21 patients. 
Induction of polymorphic VT persisted in | patient. 
Three patients who had uniform sustained VT induced 
in the baseline state had the same morphology induced 
as only nonsustained VT after procainamide. 

Four patients with nonsustained uniform VT in- 
duced in the baseline study (by double and triple extra- 
stimuli in 1 patient and triple extrastimuli only in 3) 


CONTROL 


FIGURE 1. Programmed stimulation in the control state and 
verted nonsustained into sustained uniform tachycardia. Top, 


is 230 ms. After procainamide 

right ventricular outflow tract (RVOT) at a paced cycle length 

the same morphology as the first 5 complexes of the 
procainamide is to 

phology and timing of the right ventricular outflow tract 

tracing, surface electrocardiographic leads I, aVF and V; 

right ventricular outflow tract. 
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= ventricular tachycardia; VTCL = cycle length of induced ventricular tachycardias, with 





had sustained VT induced by 3 extrastimuli after pro- 
cainamide. In each patient the induced sustained VT 
had the same morphology as the nonsustained uniform 
tachycardia (Figure 1). Examination of the right ven- 
tricular electrograms revealed that both the appearance 
and the timing of the local electrograms relative to the 
QRS complexes were the same during the induced non- 
sustained and sustained tachycardias (Figure 1). The 
mean cycle length of VT induced after procainamide in 
this group increased by 28%. The 4 patients whose re- 





after procainamide in 1 of 4 patients in whom procainamide con- 
during control tracing, double ventricular extrastimuli delivered 
of nonsustained ventricular tachycardia. The first 5 beats have a 


280 ms. This tachycardia required cardioversion to terminate. Note that the mor- 
electrogram remains constant before and after procainamide. In each 
are displayed, followed by local ventricular electrograms from the 


sponses to programmed stimulation changed from non- 
sustained to sustained VT with the same morphology 
had syncope only while receiving antiarrhythmic drugs. 
No other patient in the study demonstrated a conver- 
sion from inducible nonsustained VT to any inducible 
uniform sustained VT after procainamide. 

The effects of procainamide on the measured ven- 
tricular refractory periods and cycle lengths of induced 
VTs did not differ significantly in the 4 patients con- 
verting from nonsustained to sustained VT versus the 
other group | patients (Table II). In 2 of the 3 patients 
in whom sustained uniform VT was induced at baseline 
study, and in whom the same morphology was only 
nonsustained after procainamide, the number of extra- 
stimuli that induced the VT decreased from triple to 
double after procainamide (the same nonsustained VT 
was also induced by triple extrastimuli after procain- 
amide). The mean procainamide level in the 2 patients 
was 10.3 + 5.9 mg/liter. Their measured mean ventric- 
ular effective refractory period increased by 10%, from 
237 + 6 to 260 ms, and their mean VT cycle length 
increased by 53%, from 200 + 30 to 302 + 45 ms after 
procainamide. 

Group 2: Sustained uniform VT was induced in the 
absence of drugs in 29 of 30 patients (97%) who had 
presented with spontaneous sustained VT only while re- 
ceiving antiarrhythmic drugs. VT was induced by a sin- 
gle extrastimulus in 24% of 30 patients, in 45% by 2 
extrastimuli, and 28% by 3 extrastimuli. Sustained VT 
was induced by right ventricular stimulation in all pa- 
tients. One patient repeatedly developed sustained VT 
spontaneously during induced atrioventricular nodal re- 
entry. After procainamide administration, sustained VT 
was induced in 29 patients. One patient, in whom no 
VT was inducible in the baseline state, had uniform 
sustained VT induced by rapid ventricular pacing after 
procainamide. Another patient, who had sustained VT 
induced by a single extrastimulus in the baseline state, 
had the same morphology of sustained VT induced by 
rapid pacing, which then occurred spontaneously after 
procainamide. The patient who developed VT during 
atrioventricular node reentry in the baseline state had 
VT induced by rapid pacing after procainamide. No 
patient in this group with uniform sustained VT in- 
duced in the baseline state had the same morphology of 
VT but only nonsustained VT induced after procain- 
amide. 

After procainamide administration, fewer extrastim- 
uli were required for induction of sustained VT after 
procainamide administration in 43% of 30 patients 
(Figure 2). 

Group 3: Sustained uniform VT was induced in the 
absence of drugs in 47 of 50 patients (94%) who had 


a a I ee a ag S 


presented with spontaneous sustained VT in the ab- 
sence of antiarrhythmic drugs. The sustained VT was 
induced by a single extrastimulus in 11% of patients, by 
2 extrastimuli in 52%, by rapid pacing in 4%, and by 3 
extrastimuli in 33%. After procainamide in this group, 
inducible sustained VT persisted in 44 of the 47 pa- 
tients, only nonsustained VT could be induced in 1 pa- 
tient, and in 2 patients no VT could be induced. The 
patient for whom only nonsustained VT could be in- 
duced after procainamide had the same morphology of 
VT induced by triple ventricular extrastimuli both be- 
fore and after drug administration. In this patient, the 
measured ventricular refractory period increased by 
11% and the VT cycle length by 27% after procain- 
amide. There was a decrease in the number of extra- 
stimuli required to induce sustained VT after procain- 
amide in 37% of patients (Figure 2). The modes of 
VT induction before and after procainamide, and the 
change in the mode of induction in individual patients, 
did not differ significantly between groups 2 and 3. 
Sustained VT was inducible by right ventricular stimu- 
lation in all patients. There was no significant differ- 
ence in the effects of procainamide on measured ven- 
tricular refractoriness or induced VT cycle lengths 
among patients in groups 1, 2, and 3 (Tables II and 
III), nor did the procainamide levels achieved differ 
among these patients (Tables II and III). 


DISCUSSION 

This study demonstrates a number of limitations of 
programmed stimulation in evaluating patients for pos- 
sible proarrhythmic effects of antiarrhythmic drugs. 
First, although most electrophysiologists would concede 
that reproducible conversion of a self-terminating, brief 


Change in Mode of Induction 
After Procainamide 


Group 2 Group 3 


B Same 
Decrease 


W increase 





FIGURE 2. Comparison between the change in mode of induc- 
tion of sustained ventricular tachycardia after administration 
of procainamide and the baseline electrophysiologic study. 
Same, decrease and increase refer to the number of extra- 
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TABLE Ill Results of Electrophysiologic Studies in Patients Presenting with Sustained Ventricular Tachycardia 


Baseline VRP 
(ms) 


Increase in VRP 
(%) 


Procainamide 


Patients VRP (ms) 


Baseline VTCL 
(ms) 


Procainamide 
VTCL (ms) 


Increase in VTCL 
(%) 


Procainamide 
Level (mg/liter) 


Patients with Spontaneous Sustained VT Only with Antiarrhythmic Agents (Group 2) 


n= 30 Mean 
SD 


248.16 
33.22 


270.53 9 
33.74 


299.12 
58.82 


394.12 
57.23 


34 


Patients with Spontaneous Sustained VT in the Absence of Antiarrhythmic Agents (Group 3) 


n=50Mean 257.00 281.33 
SD 27.81 34.31 


Group 2 did not differ significantly from group 3 in any parameter. 
Abbreviations as in Table Il. 


10 


arrhythmia into a sustained one should be considered a 
true proarrhythmic effect, this cannot be documented 
in the electrophysiology laboratory very frequently in 
patients with chronic coronary artery disease. We have 
observed this finding in only 10% of 42 patients under- 
going evaluation for nonsustained VT, and in none of 
80 patients undergoing evaluation for spontaneous sus- 
tained VT. Although some workers have classified as 
proarrhythmic the new induction of polymorphic VT or 
ventricular fibrillation after drug administration,+%!° 
the clinical significance of these induced arrhythmias is 
questionable. 

It is possible that the difference in response to pro- 
grammed stimulation before and after procainamide 
represents random variation. However, this seems un- 
likely, because in 3 of 4 patients, multiple episodes of 
the same nonsustained tachycardia were induced dur- 
ing the baseline study and, in the fourth patient, multi- 
ple attempts failed to induce sustained VT. Because in- 
duction of the sustained tachycardia after procainamide 
required 3 extrastimuli in each patient, it is also con- 
ceivable that if >4 extrastimuli had been delivered dur- 
ing the baseline protocol, sustained tachycardia would 
have been induced. However, the stimulation protocol 
using 3 extrastimuli was adequate to induce sustained 
VT in >90% of our patients who presented with spon- 
taneous sustained VT. Although it is possible that these 
responses represent drug toxicity, the procainamide lev- 
els and degrees of change in refractoriness and induced 
tachycardia cycle length were similar to those observed 
in groups 2 and 3. These drug levels are modest, and in 
the range usually required to prevent induction of sus- 
tained VT.!3 

Another limitation of our observations is that we 
monitored only 3 surface electrocardiogram leads si- 
multaneously. It is possible that the nonsustained and 
sustained tachycardias induced were not really the 
same. We cannot totally exclude this possibility. How- 
ever, these 3 electrocardiographic leads represent ap- 
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272.97 
57.02 


342.03 
70.1 


26 9.11 


3.00 


proximately orthogonal recordings, thus giving a fairly 
complete picture of ventricular activation. In addition, 
intracardiac right ventricular electrographic morpholo- 
gy and timing also remained constant. 

We are unaware of any previous report demonstrat- 
ing conversion of a uniform nonsustained VT induced 
at baseline study into a sustained tachycardia having 
the same morphology after drug administration when a 
full stimulation protocol with 3 extrastimuli is used. 
This occurrence is important because it would support 
the idea that a drug could alter the electrophysiologic 
properties of a potential reentrant circuit, converting it 
from one that could not sustain itself in the absence of 
drug to a more stable self-sustaining circuit. 

We observed 2 other potential manifestations of 
proarrhythmic drug effects. It seems reasonable to as- 
sume that the responses observed in the group 2 patient 
who had no VT inducible at the baseline study but who 
had uniform VT induced only after procainamide, and 
in the group 2 patient who developed spontaneous VT 
after procainamide, represent proarrhythmic drug ef- 
fects. It is noteworthy that both patients were in the 
group who only developed spontaneous sustained VT 
while receiving empiric antiarrhythmic therapy (in both 
cases with procainamide). 

A wide variety of antiarrhythmic drug effects have 
been termed “proarrhythmic response.”!-> Although 
few would dispute that certain manifestations represent 
proarrhythmia, such as drug-induced long QT with 
polymorphic VT or VT occurring soon after the institu- 
tion of therapy with type IC agents, criteria for proar- 
rhythmic effects with regard to uniform VT are less 
clear. Some workers have used ambulatory monitoring, 
identifying an increase in frequency or types of spon- 
taneous ventricular ectopy as proarrhythmic effects.® 
However, the relation of increases in the frequency of 
asymptomatic spontaneous ectopy or nonsustained VT 
to the occurrence of sustained symptomatic arrhyth- 
mias is not clear. In addition, the relatively short peri- 
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ods of monitoring used in these studies may be associ- 
ated with marked spontaneous variation in the frequen- 
cy of spontaneous ectopy, clouding the interpretation of 
such changes. 

Several reports have described alterations in the re- 
sponse to programmed stimulation, manifested by con- 
version of nonsustained or no VT into sustained VT 
after antiarrhythmic drugs.*7:!! Rinkenberger et al’ re- 
ported conversion of nonsustained to sustained VT in 
11 patients. However, 10 of the 11 had spontaneous 
ventricular fibrillation or sustained VT before study. 
These authors did not specify whether patients were re- 
ceiving antiarrhythmic agents at the time of the sponta- 
neous arrhythmia. The stimulation protocol used in- 
cluded only 2 ventricular extrastimuli. Such a protocol 
may fail to induce 25 to 40% of sustained tachyar- 
rhythmia that would be induced by adding a third ex- 
trastimulus.'4 If their patients fell into this group, initi- 
ation of sustained tachycardia after a drug when using 
this protocol would merely represent a decrease in the 
number of extrastimuli required to induce the tachycar- 
dia. Ruskin et al® reported 6 patients who presented 
with cardiac arrest while receiving antiarrhythmic ther- 
apy. In 1 of these, the mechanism of cardiac arrest ap- 
peared likely to be secondary to a conduction abnor- 
mality induced by the drug, and in 1 patient no ar- 
rhythmia could be induced in the baseline state or after 
administration of quinidine. In 3 of the 4 remaining 
patients without any inducible arrhythmia during base- 
line study, only nonsustained tachycardias were induced 
after the drug, whereas in the fourth patient a sustained 
VT was induced after administration of quinidine. The 
report does not state whether the tachycardia induced 
was uniform or polymorphic. Bhandari et al!! described 
a patient who developed spontaneous sustained uniform 
VT after administration of procainamide. In this pa- 
tient, no arrhythmia was inducible in the baseline state, 
whereas the uniform sustained tachycardia was induci- 
ble after administration of procainamide. 

Some workers classified as proarrhythmic effects a 
decrease in the number of extrastimuli required to in- 
duce sustained VT after antiarrhythmic drug adminis- 
tration.*° In our population of 80 patients with sponta- 
neous sustained VT, we could not correlate this re- 
sponse with the patients’ clinical presentation. These 
observations extend and confirm those reported recently 
by Kudenchuk et al!> in a smaller, heterogeneous group 
of patients. 

The mechanisms underlying our observations are 
not clear. The increase in the cycle length of induced 
tachycardias, out of proportion to the measured in- 
crease in ventricular refractoriness after procainamide, 


suggests that the predominant effect of procainamide is 
to cause slowing of conduction in the tachycardia cir- 
cuit. Such slowing of conduction could facilitate conver- 
sion of nonsustained into sustained tachycardia, espe- 
cially because cycle lengths of the tachycardias induced 
in the baseline state in group | were relatively short. 
Shen and Antzelevitch'® described an experimental 
model of reflected reentry that appears to exhibit be- 
havior analogous to that which we observed. In their 
model, under conditions of mild conduction impairment 
in the ischemic gap, additional conduction slowing pro- 
duced by the addition of quinidine facilitated reentry. 

We cannot state with certainty whether the conver- 
sion of nonsustained to sustained VT after procain- 
amide that we observed in the laboratory represents a 
true “proarrhythmic” effect. The correlation of clinical 
with laboratory events suggests that this may be the 
case. In any case, we believe this to be an important 
demonstration of the ability of an antiarrhythmic drug 
to convert a reentrant arrhythmia from a nonsustained 
to a sustained form. g 

Our observations suggest a limited role at present 
for the electrophysiology laboratory in recognizing the 
proarrhythmic effects of type IA agents in patients pre- 
senting with uniform sustained VT. Although clear-cut 
manifestations of proarrhythmic drug effects may oc- 
cur (such as the spontaneous onset of VT during or 
after acute drug administration), they are rare. These 
conclusions should not be extended to other types of 
antiarrhythmic agents at this time, or to patient popula- 
tions without a history of myocardial infarction. In ad- 
dition, our results may not correspond to those obtained 
in a population presenting with cardiac arrest after 
myocardial infarction. We purposely chose to examine 
a population restricted to patients with electrocardio- 
graphically proven uniform sustained VT, because the 
spontaneous arrhythmia was well documented, in con- 
trast to patients presenting with cardiac arrest. 
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Effectiveness of Glibenclamide on Myocardial 
Ischemic Ventricular Arrhythmias in 
Non-Insulin-Dependent Diabetes Mellitus 


Federico Cacciapuoti, MD, Renato Spiezia, MD, Ugo Bianchi, MD, Diana Lama, MD, 
Maria D’Avino, MD, and Michele Varricchio, MD 


Glibenclamide, a hypoglycemic sulfonylurea, is a 
blocker of the adenosine triphosphatase—modu- 
lated potassium ion channels. The opening of 
these channels in the myocardial cells, induced 
by acute myocardial hypoxia, can be responsible 
for ischemic ventricular arrhythmias. To evalu- 
ate the antiarrhythmic effects of this drug 19 
non-insulin-dependent diabetic patients were se- 
lected. They had coronary artery disease and ev- 
idence on Holter monitoring of ventricular pre- 
mature complexes or nonsustained ventricular 
tachycardia, or both, induced by transient myo- 
cardial ischemia. In all patients, 24-hour electro- 
cardiographic monitoring was performed to eval- 
uate the number and duration of myocardial 
ischemic events, the frequency of ventricular 
premature complexes and nonsustained ventricu- 
lar tachycardia per minute of ischemia and the 
percentage of ventricular premature complexes 
versus total ischemic beats. Selected patients 
were classified in 2 groups: group A (9 patients) 
received metformin (placebo) and group B (10 
patients) was treated with glibenclamide. On the 
fourteenth day patients underwent 24-hour con- 
trol monitoring. Then a crossover between the 2 
groups was made and a new Holter monitoring 
sequence was performed at the end of the sec- 
ond phase. Results indicate that glibenclamide 
significantly (p <0.001) reduced both the fre- 
quency of ventricular premature complexes and 
the episodes of nonsustained ventricular tachy- 
cardia during transient myocardial ischemia, but 
did not change the number and duration of acute 
myocardial ischemic attacks and did not reduce 
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the spontaneous ventricular arrhythmias. Thus, 
glibenclamide appears to have an antiarrhythmic 
effect in preventing ventricular arrhythmias in- 
duced by transient myocardial ischemia. 

(Am J Cardiol 1991;67:843-847) 


entricular arrhythmias often occur during acute 
V myocardial ischemia in patients with diabetes 
mellitus and coronary artery disease.!-6 Elec- 
trophysiologic studies have shown that these arrhyth- 
mias are especially linked to an intracellular potas- 
sium ion (K*) loss through adenosine triphosphatase 
(ATP)-modulated K+ channels. The intracellular ATP 
concentration in normal cardiac cells is about 3 to 4 
mM. Its reduction below 10% of this value, induced by 
acute myocardial hypoxia, can be responsible for a K+ 
channel opening.’ The extracellular K+ increase 
changes electrophysiologic properties of the myocardial 
fibers and could result in dispersion of the cellular re- 
covery time, with the beginning of ventricular ectopic 
beats.* Previous investigations reported that glibencla- 
mide, a hypoglycemic sulfonylurea, is a potent blocker 
of these K+ channels in pancreatic 8 cells, in skeletal 
muscle cells and in myocardial fibers.’-!4 The aim of 
the present study was to evaluate the antiarrhythmic 
effectiveness of glibenclamide in non—insulin-dependent 
diabetes mellitus patients with coronary artery disease 
and Holter evidence of ventricular premature complex- 
€s or nonsustained ventricular tachycardia, or both, in- 
duced by transient myocardial ischemia. 


METHODS 

Patients: The study group consisted of 19 men, aged 
42 to 63 years (mean + standard deviation 55 + 6), 
affected by type II (non -insulin-dependent) diabetes 
mellitus and selected from 87 (22%) diabetic patients 
with coronary artery disease and no evidence of other 
cardiac disease. Seven had a history of myocardial in- 
farction for >6 months before the study; 9 patients had 
effort angina and the remaining 3 had variant angina. 
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TABLE | Holter Monitoring Reports 


Total Hours of Total 
Eleetrocardiography Beats 


10,552 + 10,733 
105,456 + 10,023 


Basal examination 
Group A 
First phase 


Group B 106,880 + 11,032 


Group A 106,357 + 10,129 


Second phase 


Group B 106,421 + 10,134 


Mean values + standard deviation of total hours of Holter monitoring and of total 
beats recorded in basal conditions and after 2 phases of treatment in groups A and B. 
Differences between these values were not significant 

First phase = group A (glibenclamide); group B (metformin). 

Second phase = group A (metformin); group B (glibenclamide). 


Patient selection was based on the 24-hour Holter re- 
cording of ventricular arrhythmias induced by transient 
myocardial ischemia. Before the study, all patients were 
treated with nitrates (from 40 to 60 mg/day) and an 
oral hypoglycemic drug different from glibenclamide. 

Criteria of acute myocardial ischemia: During 
Holter monitoring, the diagnosis of transient myocardi- 
al ischemia was obtained at a J-point depression or ele- 
vation of >2 mm, with ST-segment displacement last- 
ing 0.08 second from the J point. In addition, the angle 
of the ST segment was also measured relative to the 
isoelectric line. This computation was made between 
point 0.02 second and point 0.08 second from the J 
point. The J point and ST-segment displacements were 
judged significant for transient myocardial ischemia 
when their duration lasted for 210 consecutive beats. 
In all selected patients, ventricular premature complex- 
es and nonsustained ventricular tachycardia were de- 
fined as ischemic arrhythmias when they occurred im- 
mediately after the appearance of the J point and ST 
displacements mentioned before.'> In addition, in the 9 
patients with effort angina and in the 7 with previous 
myocardial infarction the ischemic cause of ventricular 
arrhythmias was also confirmed by findings obtained 
during the treadmill stress test. All Holter examinations 
were recorded with a 2-channel I.C.R. 1201 series us- 
ing modified lead II and Vs systems. 

Study protocol: After baseline Holter evaluation, all 
patients were classified randomly into 2 groups: group 
A (9 patients) treated with metformin (1,000 mg in 2 
divided doses orally), used as a placebo and Group B 
(10 patients) treated with glibenclamide (10 mg in 2 
divided doses). This treatment lasted 2 weeks (first 
phase). During the fourteenth day the 2 groups of 
patients underwent new 24-hour Holter monitoring. 
Then, metformin was substituted with glibenclamide in 
group A and glibenclamide with metformin in group B. 
This therapy lasted for another 2 weeks (second phase). 
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At the end of this period a third 24-hour Holter record- 
ing was performed. The mean value of fasting plasma 
glucose levels was evaluated in all patients, both during 
basal conditions and after randomization, before and 
after crossover. 

Statistical analysis: Differences in the values of 
plasma glucose levels were evaluated by the Student’s t 
test for unpaired data and a p value <0.05 was consid- 
ered significant. Holter results included a calculation of: 
(1) total hours of Holter monitoring; (2) number of 
total beats during Holter recording; (3) minutes of 
transient myocardial ischemia in 24 hours; (4) loga- 
rithm of the frequency of isolated ventricular prema- 
ture complexes per minute of acute ischemia and per 
hour during nonischemic periods; (5) percentage of pre- 
mature ventricular complexes per number of ischemic 
beats; and (6) logarithm of the number of nonsustained 
ventricular tachycardias per minute of transient isch- 
emia. Logarithms of ventricular premature complexes 
and episodes of nonsustained ventricular tachycardia 
were used in place of absolute frequency to stabilize the 
variance and to normalize the distribution of these 
events.!© Mean values of Holter parameters obtained in 
basal conditions and after metformin and glibenclamide 
treatments before and after crossover were compared. 
Statistical analysis was performed using Student's ¢ test 
for unpaired data; a p value <0.05 was considered sig- 
nificant. 


RESULTS 

Plasma glucose levels: The mean value of fast- 
ing plasma glucose baseline levels was 8.45 + 0.92 
mOsmol/ml. At the end of the first phase, this value 
was 8.16 + 1.07 mOsmol/ml in patients in group A 
(metformin) and 8.22 + 1.09 in those in group B (gli- 
benclamide). After the second phase, mean glucose lev- 
els were 8.42 + 0.77 mOsmol/ml in group A (gliben- 
clamide) and 8.45 + 0.94 mOsmol/ml in group B 
(metformin). Differences between the baseline glucose 
levels and the values found in the placebo and gliben- 
clamide groups were not significant both before and af- 
ter crossover. 

Holter reports: Table I lists mean values + standard 
deviations, with statistical significance of the total hours 
of Holter monitoring and the number of total beats re- 
corded in basal conditions and in 2 groups before and 
after crossover. The mean duration of transient myo- 
cardial ischemia was 11 + 4 minutes per 24 hours dur- 
ing the basal recording. At the end of the first phase, 
acute ischemia lasting a mean of 11 + 4 minutes was 
found in patients taking placebo (group A), whereas its 
duration was 11 + 3 minutes in patients taking gliben- 


clamide (group B). After the second phase in the dia- 
betic patients in group A (who received glibenclamide), 
a mean of 11 + 4 minutes of acute myocardial isch- 
emia was found; in those in group B (placebo) a mean 
of 11 + 3 minutes was recorded. Differences in the 
duration of transient myocardial ischemia found during 
the baseline recording and those obtained in patients in 
groups A and B before and after crossover were not 
significant (Figure 1). 

Ventricular arrhythmias: The logarithm of isolated 
ventricular premature complexes per minute of isch- 
emia taken during the basal examination was 1.3 + 
0.12. After the first treatment, this value was 1.35 + 
0.15 in the diabetic patients treated with metformin 
(group A) and 0.21 + 0.36 in those who received gli- 
benclamide (group B). This last reduction was statisti- 
cally significant (p <0.001). At the end of the second 
period, the value of this logarithm was 0.22 + 0.35 in 
the glibenclamide group. The difference in respect to 
the basal value was significant (p <0.001). On the con- 
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in the 2 groups (placebo and glibencla- 0 
mide) before and after crossover. H 
$ 
c 
£ 


FIGURE 2. Behavior of the logarithm of 
ventricular premature complexes (PVCs) 
frequency per minute of acute ischemia in 
basal conditions and after 2 phases of 
treatment with metformin in the placebo 
and glibenclamide groups. 
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trary, no difference was found when comparing the 
basal value with that in the placebo group (1.34 + 
0.11) (Figure 2). Differences between the mean values 
of isolated ventricular premature complexes per hour of 
nonischemic periods found during the basal examina- 
tion and in 2 groups after the 2 phases were not signifi- 
cant. The mean percentage of ventricular premature 
complexes per number of ischemic beats found during 
basal examination was 28 + 8%. At the end of the first 
2 weeks this value remained unchanged in the metfor- 
min group (28 + 7%). In contrast, it was significantly 
smaller (p <0.001; 2.6 + 2%) in patients treated with 
glibenclamide. The same results were obtained in the 
glibenclamide and metformin groups after the crossover 
(Figure 3). Finally, the logarithmic number of episodes 
of nonsustained ventricular tachycardia per minute of 
ischemia at the basal level was 0.24 + 0.16. After the 
first phase no significant difference was found in the 
patients in group A (0.25 + 0.09), whereas this value 
was significantly smaller (0.003 + 0.004) in diabetic 
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patients treated with glibenclamide. After the cross- 
over, patients in group A (who received glibenclamide) 
also had a significant (p <0.001) reduction (0.004 + 
0.002) in the logarithm of this parameter (Figure 4). 


DISCUSSION 

Mechanism of ischemic ventricular arrhythmias: 
The ischemic cause of ventricular premature complexes 
found in our selected patients is shown by their occur- 
rence just after the appearance of the J point and ST- 
segment displacements on Holter recording. An in- 
creased extracellular K+ concentration is a major deter- 
minant of these arrhythmias.'7'8 Harris et alë were 
among the first to identify an increased extracellular 
K+ concentration as a major determinant of ischemic 
tachyarrhythmias. The importance of the increase in 
extracellular K+ concentration with respect to electro- 
physiologic changes during ischemia was also recently 
demonstrated by Coronel et al.'? They found that dur- 
ing acute myocardial ischemia, K* flows from the isch- 
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emic zone into the normal zone. The marked inhomo- 
geneity in K* concentration in the border zone suggests 
inhomogeneity in electrophysiologic properties that may 
be of importance in the genesis of reentrant activity. 
The reduction of K+ concentration in myocardial isch- 
emic cells is due to the opening of specific ATP-regu- 
lated K* channels as a direct consequence of a severe 
cardiac hypoxia.” The intracellular ATP concentration 
in normal cardiac cells has been reported to be 3 to 4 
mM.’ Acute hypoxia induces a decreased activity of 
the mitochondrial respiratory chain, responsible for the 
reduction of high-energy phosphate levels. Experimen- 
tal data reported that these channels are opened when 
the intracellular ATP concentration is reduced from 
0.05 to | mM.’ This intracellular ATP depletion dur- 
ing acute ischemia causes an intracellular K* loss with 
consequent extracellular K+ increase. Moreover, other 
cations, such as magnesium ion (Mg++) and sodium 
ion (Nat) physiologically present in the citoplasm, are 
also implicated in the activity of these channels. In fact, 


FIGURE 3. Percentage of ventricular pre- 
mature complexes (PVCs) per number of 
ischemic beats found during baseline eval- 
uation and after 2 periods of therapy in 2 
randomized groups. 


I] phase 


FIGURE 4. Logarithms of the episodes of 
nonsustained ventricular tachycardia 
(V.T.) per minute of ischemia recorded 
during basal conditions and in 2 groups of 
treated patients before and after cross- 
over. 


during ischemia in guinea pig ventricular cells, Horie et 
al”? observed that, when the open probability of ATP- 
sensitive K+ channels is increased, internal free Mg++ 
and Na* levels will be elevated as a result of the release 
of Mg** bound to ATP and the accumulation of Na+ 
due to disturbed Na*-K* pump activity. 

Mechanism of glibenclamide action: Several re- 
ports!0.12.21,22 described the antidiabetic sulfonylurea 
glibenclamide as a potent blocker of these ATP-modu- 
lated K+ channels. On the pancreatic 8 cells, the slow 
wave of depolarization that follows glucose application 
is due to closure of a K* channel that is regulated by 
intracellular ATP. Like glucose, sulfonylureas induce 
electrical activity in pancreatic islets and the 2 path- 
ways of glucose and sulfonylurea-induced insulin re- 
lease converge at the level of the ATP-regulated con- 
ductance. This property of glibenclamide has also been 
found in mammalian heart cells.” In a recent study, 
Kantor et al!4 demonstrated that glibenclamide signifi- 
cantly reduces ischemic arrhythmias in rat hearts with 
a mechanism mediated by decreasing K* loss from 
ischemic tissue. This effect was not dependent on the 
direct action of the glycolytic pathway; no changes 
were found in glycolytic or lactate production.'4 On the 
basis of these reports, we evaluated the effectiveness of 
glibenclamide on acute ischemic ventricular arrhyth- 
mias in patients with non-insulin-dependent diabetes 
mellitus and coronary artery disease. After gliben- 
clamide therapy, the rate of acute ischemic events 
remained unchanged, but the frequency of ventricu- 
lar premature complexes and nonsustained ventricular 
tachycardia per minute of acute ischemia significantly 
decreased. 

Clinical implications: Our results suggest that gli- 
benclamide is not an antiischemic drug, but it has an 
antiarrhythmic effect that is not dependent on the re- 
ducing action of glucose. Moreover, this effect was 
present in patients with only acute ischemic arrhyth- 
mias. In fact, ventricular premature complexes and 
nonsustained ventricular tachycardia during nonisch- 
emic periods were unchanged after glibenclamide treat- 
ment. 

Thus, despite the small population studied, the re- 
sults obtained suggest that glibenclamide appears 
to have an antiarrhythmic effect on the multiple ven- 
tricular ectopic beats induced by transient myocardial 
ischemic events in patients with non-insulin-depen- 
dent diabetes mellitus. Nevertheless, further and more 
widespread studies are required to confirm these re- 
sults. 
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CONGESTIVE HEART FAILURE 


Incremental Prognostic Value of Exercise 
Hemodynamic Variables in Chronic Congestive 
Heart Failure Secondary to Coronary Artery 
Disease or to Dilated Cardiomyopathy 


Brian P. Griffin, MD, Prediman K. Shah, MD, John Ferguson, MD, and Stanley A. Rubin, MD 





To determine the prognostic value of hemody- 
namic variables at rest and during exercise, 49 
patients with chronic congestive heart failure un- 
dergoing hemodynamic evaluation at rest and 
during symptom-limited exercise were followed 
for 1 year. One-year mortality rate was 33%. 
On univariate analysis, nonsurvivors differed sig- 
nificantly from survivors in pulmonary arterial 
wedge pressure at rest (22 + 10 vs 15 + 10 mm 
Hg; p = 0.01) and during exercise (32 + 9 vs 24 
+ 9 mm Hg; p = 0.003), stroke work index at 
rest (19 + 6 vs 25 + 9 g-m/m?; p = 0.03) and 
during exercise (20 + 7 vs 32 + 14 g-m/m?; p = 
0.001) and exercise-induced increment in stroke 
work index (0.5 + 0.4 vs 7 + 8 g-m/m?; p = 
0.004), but not with respect to left ventricular 
ejection fraction, exercise duration, peak oxygen 
consumption or peak left ventricular hydraulic 
power. Patients with a peak exercise stroke 
work index <20 g-m/m2 had a 66% mortality 
rate compared with a mortality rate of 13% in 
patients with a peak exercise stroke work index 
>20 g-m/m? (p = 0.0001). Multiple logistic re- 
gression analysis identified pulmonary arterial 
wedge pressure at rest and peak exercise stroke 
work index as the only independent predictors of 
mortality. A receiver-operating characteristic 
curve analysis revealed that peak exercise stroke 
work index provided significant incremental 
prognostic information over the resting hemody- 
namic variables. 
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These data suggest that among patients with 
chronic congestive heart failure, a subset of pa- 
tients with a very high 1-year mortality may be 
identified using hemodynamic evaluation at rest 
and during exercise and this information may be 
useful when selecting patients for cardiac trans- 
plantation. 

(Am J Cardiol 1991;67:848-853) 


emodynamic variables measured at rest and 
H during exercise have been widely used in pa- 

tients with chronic congestive heart failure 
(CHF) to define pathophysiology,'+ and to assess 
the effects of drug therapy.*° However, in determin- 
ing prognosis, most studies have used resting rather 
than exercise hemodynamic variables.'°-'4 Hemody- 
namic variables obtained at peak exercise have poten- 
tial advantages over the resting variables in that they 
may more closely reflect cardiac functional reserve and 
thus be expected to better predict survival.!5 This has 
already been shown for a group of patients with CHF 
in which inotropic stimulation was used to achieve 
maximal pumping capacity.'® Although disparate re- 
sponses in cardiac pump function on graded exercise 
have been reported in patients with chronic CHF, the 
prognostic significance of these findings has not been 
adequately addressed.*+ In this study, the prognostic 
importance of resting and exercise hemodynamic and 
gas exchange variables has been evaluated in patients 
with chronic CHF using univariate and multivariate 
analysis. 


METHODS 

Patients: The study consisted of 49 patients with 
chronic CHF referred to this institution for functional 
evaluation or optimization of therapy. All patients had 
symptoms of CHF for at least 1 year and none had an 
episode of acute pulmonary edema within | month of 
the study. The mean age + standard deviation was 63 


d 


+ 11 years and 39 (80%) were men. Nine patients 
(18%) had New York Heart Association class II, 28 
patients (57%) had class III and 12 (25%) had class IV 
heart failure. The underlying basis for chronic CHF 
was coronary artery disease in 36 (74%) and dilated 
cardiomyopathy in 13 (26%) patients. 

Assessment of hemodynamic variables and gas ex- 
change at rest and during exercise: The detailed proto- 
col for resting and exercise measurements has been de- 
scribed elsewhere.'’ Briefly, a pulmonary artery balloon 
flotation catheter was inserted percutaneously in all pa- 
tients and positioned in the pulmonary artery under he- 
modynamic and fluoroscopic guidance. Intracardiac 
pressures were measured with the transducer placed at 
the level of the fourth intercostal space in the midaxil- 
lary line. Cardiac output was determined in triplicate 
using the thermodilution technique. Arterial blood pres- 
sure was measured from an indwelling cannula in the 
radial artery. Heart rate and rhythm were recorded 
from an electrocardiographic monitor. Expired gas was 
obtained for measurements of ventilation, oxygen up- 
take and carbon dioxide output using a pneumotachy- 
graph and mass spectrometer. Exercise was performed 
on a weight flywheel upright bicycle ergometer. The 
exercise protocol consisted of 3-minute stages beginning 
with unloaded pedaling and the work load was in- 
creased by 25 W at each stage. Patients exercised to 
their symptom-limited maximum. All patients with cor- 
onary artery disease had undergone prior stress testing 
and none had evidence of significant reversible isch- 
emia. Hemodynamic measurements were made at rest 
and again at peak exercise. Stroke work and cardiac 
indexes were derived using standard formulas. Left 
ventricular hydraulic power output (power) was calcu- 
lated as: mean arterial blood pressure — mean right 
atrial pressure X cardiac output X 0.00222 W. Stroke 
work index and left ventricular hydraulic power were 
used as indexes of the pumping capacity of the heart at 
rest and at peak exercise. 

Left ventricular ejection fraction: In 40 of the 49 
patients, left ventricular ejection fraction was mea- 
sured by equilibrium-gated radionuclide blood pool 
scintigraphy. !8 

Follow-up: One-year follow-up was conducted on all 
patients by contacting primary care physicians or fami- 
ly members or by contacting the patient directly. Death 
was ascribed to pump failure when death was due to 
intractable heart failure or to sudden death if it oc- 
curred in the presence of stable or improving heart 
failure and within 10 minutes of the onset of new 
symptoms. 

Treatment: All patients received digoxin and di- 
uretics as part of their treatment. In addition, 69% re- 
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ceived vasodilators (nitrates, converting enzyme inhibi- 
tors, direct acting vasodilators). Cardioactive medica- 
tion was given on the morning of the study, a minimum 
of 2 hours before its commencement. 

Statistics: All data are expressed as mean + stan- 
dard deviation. A paired or unpaired ¢ test was used to 
compare the means of continuous data, whereas chi- 
square or Mann-Whitney tests were used to compare 
categorical variables. A p value <0.05 was considered 
significant. 

Assessment of incremental information: Maximum 
likelihood logistic regression was used to identify pre- 
dictors of cardiac mortality at 1 year after the hemody- 
namic assessment. The commercially available statisti- 
cal package was used for this analysis.!? This analysis 
was performed in 2 steps, in the first of which the sig- 
nificant predictors among the resting hemodynamic 
variables (mean arterial pressure, heart rate, pulmo- 
nary arterial wedge pressure, oxygen uptake, stroke 
work index) were determined. At step 2, a second mod- 
el was developed in which the peak exercise values of 
these hemodynamic variables were added to the model 
developed at step 1. The p value to enter and remove 
variables was 0.1 and 0.15, respectively. 

Incremental information from the addition of the 
exercise data was indicated by an improvement in the 
likelihood ratio of the second model. This was further 
investigated by comparing the discriminant accuracy of 
the models at each step. Discriminant accuracy was 
measured by determining the area under the respective 
receiver-operating characteristic curve. These curves 
were constructed using the methods described by Han- 
ley and McNeill?°! on the basis of the predicted logis- 
tic probabilities of individual patients. 


RESULTS 

Survival: No patients were lost to follow-up. Sixteen 
patients (33%) died within a year of hemodynamic 
evaluation. All deaths were attributable to CHF with 9 
(56%) resulting from intractable pump failure and 7 
patients (44%) dying suddenly. Table I summarizes the 
baseline clinical characteristics of the patient cohort. 
Survivors did not differ significantly from nonsurvivors 
with respect to age, gender, New York Heart Associa- 
tion class, cause of CHF, history of prior myocardial 
infarction, left ventricular ejection fraction or drug 
therapy. 

Hemodynamic variables and oxygen uptake at rest: 
Resting hemodynamic variables and oxygen uptake are 
presented for survivors, nonsurvivors and for the entire 
cohort in Table I. Pulmonary arterial wedge pressure 
was significantly higher and stroke work index was sig- 
nificantly lower in nonsurvivors than in survivors. Other 
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hemodynamic variables and the resting oxygen uptake 


‘did not differ between survivors and nonsurvivors. 


Hemodynamic variables and oxygen uptake at peak 
exercise: The hemodynamic and oxygen uptake data at 
peak exercise are listed in Table I for survivors, nonsur- 
vivors and the entire cohort. As in the case of resting 
variables, nonsurvivors had a significantly higher pul- 
monary arterial wedge pressure and a lower stroke 
work index than survivors. In addition, stroke volume 


index at peak exercise was also significantly lower in 
nonsurvivors than survivors. There was no significant 
difference in either the exercise duration or the peak 
oxygen uptake between survivors and nonsurvivors. 
None of the patients developed symptoms or electrocar- 
diographic evidence of ischemia during exercise. 
Exercise-induced changes in hemodynamic vari- 
ables: Exercise-induced changes in hemodynamic vari- 
ables are listed in Table II. Increments in cardiac, 


TABLE I Clinical Characteristics, Exercise and Hemodynamic Data 


No. of patients 
Age (years) 
Sex (men) 
New York Heart Association class 

ll 

il 

IV 
Coronary artery disease (%) 
Prior myocardial infarction 
Left ventricular ejection fraction (%) 
Prior coronary bypass grafting (%) 
Vasodilators 
Heart rate (beats /min) Rest 
Exercise 
Rest 
Exercise 
Rest 
Exercise 
Rest 
Exercise 
Rest 
Exercise 
Rest 
Exercise 
Rest 
Exercise 
Rest 
Exercise 
Rest 
Exercise 
Rest 
Exercise 


Mean arterial pressure (mm Hg) 

Pulmonary arterial wedge 
pressure (mm Hg) 

Right atrial pressure (mm Hg) 

Cardiac index (liters /min/m?) 

Stroke volume index (ml/m?) 

Systemic vascular resistance 
(seem) 

Oxygen uptake (ml/min) 

Stroke work index (g-m/m?) 


Power (W) 


Exercise duration (min) 
Peak work load (W) 


p value between survivors and nonsurvivors: * p <0.01; t p <0.05. 

















No. of patients 49 

Heart rate (beats /min) 23416 
Mean arterial pressure (mm Hg) 911 
Pulmonary arterial wedge pressure (mm Hg) 947 
Right atrial pressure (mm Hg) TES 
Cardiac index (liters /min/m?) 1.1408 
Stroke volume index (ml /m°) 547 
Systemic vascular resistance (scm~°) —565 + 385 
Oxygen uptake (ml/min) 228 + 109 
Stroke work index (g-m/m?) 5+8 
Power (W) 0.4+0.4 
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TABLE Il Change in Hemodynamic Parameters from Rest to Peak Exercise 


49 
62411 
39 (80%) 


33 
62411 
26 (79%) 


16 
64410 
13 (81%) 


9(18%) 
28 (57%) 
12 (25%) 
36 (74%) 
33 (68%) 
23+9 
17 (35%) 
34 (69%) 
89415 

11221 
88 +13 
98419 
17+10 
27+9 

444 
LEZ 
2.0+0.4 
3.141.0 
23+6 
2849 

1,936 + 530 
1,371 4590 
257 + 57 
6754 216 
2359 
28413 
0.74+0.2 
1140.5 
8+2 
3819 


7 (21%) 
19 (58%) 
7 (21%) 
24 (73%) 
22 (67%) 
2449 
14 (42%) 
24 (73%) 
87+16 
109 + 24 
90+ 13 
100 + 20 
1510 
2449 
4+4 
10+6 
2.040.4 
3251.1 
2446 
3049 
1,978 + 486 
1,366 + 573 
255+ 55 
703 + 221 
2549 
32414 
0.740.2 
1.2 +0.6 
8+2 
39+21 


2 (13%) 
9 (56%) 
5(31%) 
12 (75%) 
11 (69%) 
1949 
3 (19%) 
10 (63%) 
93412 
117411 
85412 
92415 
22+ 10* 
32295 
55 
1347 
2040.5 
2840.7 
2245 
24+6 
1,847 + 620 
1,381 + 644 
263 + 61 
616 + 200 
19+6! 
20+ 7* 
0.7+0.2 
0.940.3 
7+2 
37+14 





33 16 
22419 25411 NS 
10412 8+9 NS 
947 1047 NS 
644 845 NS 
1.2409 0.80.4 0.05 
KET 225: 0.016 
—613 + 395 —466 + 354 NS 
2454114 192490 NS 
748 0.544 page 
0.5+0.5 0.240.2 


NS = not significant. 





stroke volume and stroke work indexes and left ventric- 
ular hydraulic power were significantly less for nonsur- 
vivors than survivors. The increase in pulmonary arteri- 
al wedge pressure was comparable among survivors and 
nonsurvivors (Figure 1). Survivors increased cardiac in- 
dex during exercise by increasing heart rate and stroke 
volume, whereas in nonsurvivors the small increase in 
cardiac index was due to an increase in heart rate only. 

Relation of peak stroke work index to mortality: 
The mortality was significantly higher in patients who 
achieved a peak stroke work index <20 g-m/m? com- 
pared to those whose peak exercise stroke work index 
exceeded 20 g-m /m? (66 vs 13%; p <0.0001). Patients 
who were unable to increase stroke work index during 
exercise by >l g-m/m? also had a significantly higher 
mortality than those who increased stroke work index 
by >1 g-m/m? (55 vs 17%; p <0.006) (Table III). 
Three of 4 deaths in patients with a peak exercise 
stroke work index >20 g-m /m? were sudden. The mor- 
tality was not significantly different between patients 
achieving a peak left ventricular hydraulic power value 
of >l or <1 W. 

Incremental information: At step |, pulmonary arte- 
rial wedge pressure was the only significant predictor of 
mortality among the resting hemodynamic variables. 
The logistic regression model based on resting pulmo- 
nary capillary wedge pressure had a 71 + 8% discrimi- 
nant accuracy in predicting 1-year survival. At step 2, a 
peak stroke work index added significantly to the infor- 
mation contained in resting pulmonary arterial wedge 
pressure as indicated by an increase in the chi-square 
value (p <0.001). Discriminant accuracy improved at 
this step to 79 + 7% on addition of the peak exercise 
stroke work index. The receiver-operating characteristic 
curves for the resting and exercise data are illustrated 
in Figure 2. Additional information from the exercise 
data was seen over a wide range of specificities and 
sensitivities, with the greatest additional information 
being seen at 20 to 70% sensitivity and 50 to 90% speci- 
ficity. 


DISCUSSION 

Main findings: This prospective study of ambulatory 
patients with chronic CHF shows that hemodynamic 
measurements at peak exercise provide important prog- 
nostic information with respect to 1-year mortality 
which is a significant addition to information provided 
by resting hemodynamic variables. Specifically, inabili- 
ty to achieve a peak stroke work index of >20 or <1 g- 
m/m? increment in stroke work index at peak exercise 
identified patients with a three- to fivefold higher mor- 
tality compared with remaining patients. Furthermore, 





<1 g-m/m? 


Change in stroke work 
index 

>lgm/m? 24 

<20g-m/m? 6 

>20g-m/m? 27 

<1W 14 

>1W 19 


NS = not significant 


other descriptors of overall pump function such as left 
ventricular ejection fraction, New York Heart Associa- 
tion class, peak hydraulic power, exercise duration, and 
resting and peak oxygen uptake failed to discriminate 
survivors from nonsurvivors. The overall 1-year mortali- 
ty rate of 33% observed in this cohort of patients is 
consistent with previously reported mortality figures in 
patients with chronic CHF. 12:22-23 
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FIGURE 1. The changes in stroke work index (SWI) and pul- 
monary capillary wedge pressure (PCW) from rest to exercise 
are contrasted between survivors and nonsurvivors. 
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FIGURE 2. The receiver-operating characteristic curve for 
resting hemodynamic data is illustrated by the solid area. The 
additional information provided by exercise hemodynamic 
data is illustrated by the hatched area. 
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Comparison with previous reports: Hemodynamic 
measurements at rest have been shown to predict prog- 
nosis in patients with CHF. In our study, pulmonary 
arterial wedge pressure and stroke work index proved 
to be the univariate predictors of outcome among the 
resting hemodynamic parameters. Previous studies 
have also indicated that both these resting parame- 
ters are prognostically useful in patients with chronic 
CHF. !2:!4.22 

The prognostic significance of the hemodynamic 
measurements performed after pharmacologic interven- 
tions has been described, but little information is avail- 
able concerning the prognostic use of hemodynamic 
measurements obtained at peak exercise. Massie et al?? 
showed that pulmonary arterial wedge pressure and 
stroke work index after starting vasodilator therapy was 
predictive of survival, but that study did not indicate 
whether the drug intervention provided incremental in- 
formation concerning prognosis beyond that obtained 
before treatment. 

Tan!® determined maximal cardiac pump function 
by means of inotropic stimulation of the heart with do- 
butamine. In 2 groups of patients, one with CHF,!® the 
other with cardiogenic sheck,4 he has shown that peak 
stroke work index and peak left ventricular hydraulic 
power are important determinants of 1-year survival. In 
our study, although peak stroke work index was a pow- 
erful predictor of 1-year survival, we did not find that a 
peak hydraulic power value of 1 W accurately discrimi- 
nated survivors from nonsurvivors. A number of factors 
could explain the discrepant results with regard to the 
prognostic ability of peak left ventricular hydraulic 
power in our study compared with those of Tan. First, 
the patients studied by Tan tended to be more acutely 
ill than those in our study. Second, peak hydraulic pow- 
er obtained by infusing dobutamine may not be analo- 
gous to that determined at peak exercise. Mean arterial 
and right atrial pressures that are an integral part of 
the hydraulic power computation might be expected to 
move in opposite directions with dobutamine compared 
with results during exercise. Thus, arterial pressure 
may decrease during exercise in patients with CHF, 
whereas right atrial pressure tends to increase. Dobuta- 
mine is more likely to increase blood pressure while 
lowering right atrial pressure. However, a recent study 
compared peak left ventricular hydraulic power and 
stroke work index determined by either maximal exer- 
cise or dobutamine infusion and found them similar.” 

Previous studies?+ have examined the change in 
stroke work during exercise in patients with CHF. In 
both of these studies, 2 groups of patients were de- 
scribed based on the response of stroke work to exer- 
cise. In 1 group of patients, stroke work increased sig- 
nificantly during exercise (the normal response”*?8), in 
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the other, no increase or a small decrease in stroke 
work was reported. Neither of these studies was of suf- 
ficient size to determine prognostic implications. The 
findings in the present study suggest that a failure to 
increase stroke work during exercise is associated with a 
substantially higher short-term mortality. 

We did not find left ventricular ejection fraction to 
be a useful prognostic factor in the estimation of l-year 
survival in this cohort of patients. Prior studies??“° have 
indicated similar results, although left ventricular ejec- 
tion fraction has been shown to be prognostically useful 
in patients with dilated cardiomyopathy.'° The relative- 
ly poor prognostic ability of left ventricular ejection 
fraction seen in this study probably relates to the rela- 
tively narrow range of resting ventricular function seen 
in this group compared with, e.g., survivors of myocar- 
dial infarction. In the latter group, a wide range of ven- 
tricular function is seen, and consequently resting in- 
dexes of ventricular function are of greater prognostic 
value. In patients with severe left ventricular dysfunc- 
tion at rest, the determination of peak cardiac pump 
function and cardiac pumping reserve provide a spec- 
trum of cardiac function that is prognostically pow- 
erful. 

Although we found that the hemodynamic derange- 
ments as a result of exercising were of prognostic signif- 
icance, neither duration of exercise nor oxygen uptake 
during exercise were significantly different among sur- 
vivors and nonsurvivors. This is somewhat surprising 
given the reduced pumping capacity of the heart and 
the higher wedge pressure in the nonsurvivors. Previous 
reports”? have indicated only a relatively loose correla- 
tion between exercise capacity and prognosis in heart 
failure. 

Clinical implications: Our study suggests that infor- 
mation concerning the maximal pumping capacity and 
pumping reserve of the heart is prognostically impor- 
tant in patients with moderate to severe CHF. This is a 
group of patients who might be considered candidates 
for therapeutic interventions such as cardiac transplan- 
tation. As resources for transplantation are limited, it is 
important to select those at highest risk of early mortal- 
ity for urgent intervention. We have found that the in- 
formation available from exercise hemodynamics may 
be useful in stratifying patients with severe left ventric- 
ular dysfunction. In particular, we have found that pa- 
tients with a low peak stroke work index during exer- 
cise or a stroke work index that did not increase during 
exercise have a very high l-year mortality. These pa- 
tients may therefore be considered for early cardiac 
transplantation. 

Maximal cardiac capacity and cardiac reserve may 
be determined with inotropic stimulation or maximal 
symptom-limited exercise testing. Exercise has the ad- 


vantage of being physiologic and in providing additional 
information such as exercise capacity and oxygen up- 
take, which can be used to assess a patients response to 
treatment more accurately. Inotropic infusion has the 
advantage of being applicable in very ill patients who 
are incapable of exercise. Therefore, the appropriate 
method to determine maximal cardiac capacity in an 
individual patient should be determined by the clinical 
situation. 

Our findings also indicate that, although a severely 
impaired cardiac pump function as indicated by exer- 
cise hemodynamic measurements is highly predictive 
of early mortality from pump failure, it is less pre- 
dictive of sudden death in these patients. Sudden 
death accounts for up to 50% of all deaths in chronic 
CHF.”*:?33! Improved methods of defining those at risk 
of sudden death in this population are also required. 
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VALVULAR HEART DISEASE 


Short- and Long-Term Results of Catheter 
Balloon Percutaneous Transvenous 
Mitral Commissurotomy 
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Percutaneous transvenous mitral commissuroto- 
my (PTMC) was performed in 219 patients with 
symptomatic, severe rheumatic mitral stenosis. 
There were 59 men and 160 women, aged 19 to 
76 years (mean 43). Pliable, noncalcified valves 
were present in 139 (group 1), and calcified 
valves or severe mitral subvalvular lesions, or 
both, in 80 patients (group 2). Atrial fibrillation 
was present in 133 patients (61%) and 1+ or 2+ 
mitral regurgitation in 59 (27%). Technical fail- 
ure occurred with 3 patients in our early experi- 
ence. There was no cardiac tamponade or emer- 
gency surgery. The only in-hospital death oc- 
curred 3 days after the procedure in a group 2 
premoribund patient in whom last-resort PTMC 
created 3+ mitral regurgitation. Mitral regurgi- 
tation appeared or increased in 72 patients 
(33%); 3+ mitral regurgitation resulted in 12 
patients (6%). There were 3 systemic embo- 
lisms. Atrial left-to-right shunts measured by ox- 
imetry developed in 33 patients (15%). immedi- 
ately after PTMC, there were significantly re- 
duced (p = 0.0001) left atrial pressure (24.2 + 
5.6 to 15.1 + 5.1 mm Hg), mean pulmonary ar- 
tery pressure (39.7 + 13.0 to 30.6 + 10.9 mm 
Hg) and mitral valve gradient (13.0 + 5.1 to 5.7 
+ 2.6 mm Hg). Mitral valve area increased from 
1.0 + 0.3 to 2.0 + 0.7 cm? (p = 0.0001) and 
cardiac output from 4.4 + 1.4 to 4.7 + 1.2 li- 
ters/min (p <0.01). The results mirrored clinical 
improvements in 209 patients (97%). Multivari- 
ate analysis showed an echo score >8, and val- 
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vular calcification and severe subvalvular lesions 
as independent predictors for suboptimal hemo- 
dynamic results. The cardiovascular event-free 
survival rate for group 1 was 100% up to 42 
months; that for group 2 was 91% at 12 
months, and held at 76% from 24 to 31 months. 
PTMC is safe, achieves good immediate and 
long-term results and is the procedure of choice 
in selected patients with mitral stenosis. 

(Am J Cardiol 1991;67:854-862) 


ing a size-adjustable, self-positioning balloon cath- 

eter was introduced by Inoue et al! as a promising 
therapeutic alternative for surgical treatment of pa- 
tients with severe mitral stenosis. Because the fused 
mitral commissures are split with a balloon cathe- 
ter inserted percutaneously through the femoral vein 
after transseptal catheterization, the method was 
termed percutaneous transvenous mitral commissuroto- 
my (PTMC). Extensive clinical trials in the Far East 
have established the effectiveness and safety of PTMC 
in well selected patients.2> However, reports of long- 
term effects of the procedure are few.° In this commu- 
nication, we present immediate outcomes and long- 
term results of PTMC performed by a single operator 
at a single institution in a large number of patients with 
severe rheumatic mitral stenosis. 


I n 1984, a novel catheter intervention technique us- 


METHODS 

Patients: From January 1987 to December 1989, 
219 patients with symptomatic, severe rheumatic mitral 
stenosis underwent PTMC. Patient selection was ini- 
tially restricted to those with pliable, noncalcified mitral 
valves and without severe mitral subvalvular lesions. 
After the first 50 cases, the criteria were broadened to 
include patients with calcified mitral valves (as seen un- 
der fluoroscopy) and severe mitral subvalvular lesions. 


The latter were determined by 2-dimensional echocar- 
diographic findings of severe thickening and shortening 
of chordal structures® and by angiographic compression 
signs on the inflated balloon (Figure 1). Patients with 
angiocardiographic findings of severe mitral regurgita- 
tion (23+ by criteria of Sellers et al’) and left atrial 
thrombus on transthoracic 2-dimensional echocardiog- 
raphy were considered contraindicated and excluded 
from the study. 

The patient pool comprised 59 men and 160 wom- 
en, aged 19 to 76 years (mean 43), including 100 pa- 
tients reported previously.* One hundred thirty-nine pa- 
tients with pliable, noncalcified valves were designated 
as group |. Eighty patients, including 42 with calcified 
valves, 24 with severe subvalvular lesions and 14 with 
both, constituted group 2. The mean age was 39 + 11 
for group | and 48 + 13 for group 2 (p <0.01). Atrial 
fibrillation was present in 133 patients (61%): 71 in 
group 1 (51%) and 62 in group 2 (78%) (p <0.01). 
Grade 1+ or 2+ mitral regurgitation was present in 59 
patients (27%) and a history of thromboembolism in 36 
(16%). Severe 3+ aortic regurgitation was present in 
13 patients. Two patients had had mitral restenosis af- 
ter surgical open mitral commissurotomy. In 9 patients, 
PTMC was performed after resolution of the left atrial 
cavity thrombus after 3 to 12 months of warfarin treat- 
ment. The thrombus resolution was found incidentally 
in 2 patients* and in the other 7 in an ongoing prospec- 
tive study of thrombus resolution with warfarin treat- 
ment. Chronic obstructive pulmonary lung disease was 
present in 7, severe kyphoscoliosis in 2, pneumoconiosis 





in 1, uremia in 2, systemic lupus erythematosis in 1 and 
liver cirrhosis in 1 patient. 

Percutaneous transvenous mitral commissurotomy 
protocol: After diagnostic catheterization and atrial 
transseptal puncture, baseline hemodynamic measure- 
ments were obtained. Cardiac output was measured in 
triplicate using a 7Fr Swan-Ganz thermodilution cathe- 
ter. Mitral valve area was calculated by the Gorlin for- 
mula. PTMC was performed using Inoue’s balloon 
catheter (Toray Industries, Japan) by the stepwise dila- 
tation technique described previously in detail.2 After 
introduction of the balloon catheter into the left atrium, 
the distal half of the balloon was slightly inflated with 
carbon dioxide or diluted contrast medium and a spring 
wire stylet was inserted into the catheter. The balloon 
was then manipulated to flow across the stenotic mitral 
valve and into the left ventricle. The balloon inflation 
procedure is shown in Figure 2. After the dilatation, 
left atrial pressure was measured with the balloon cath- 
eter and left ventricular pressure with a 7Fr pigtail 
catheter to assess the mitral valve gradient. Usually, 
repeat inflations with larger balloon diameters were 
performed until satisfactory hemodynamic results were 
obtained or until significant mitral regurgitation devel- 
oped. All hemodynamic measurements were repeated 
before the balloon catheter was removed from the left 
atrium. After withdrawal of the catheter, a right heart 
oximetry series was repeated. 

Intravenous heparin, 100 U/kg body weight, was 
given immediately after transseptal puncture. After the 
first 70 cases, the policy of routine 6-week warfarin 





FIGURE 1. Left, a long-axis view from 2-dimensional echocardiogram showing severe mitral subvalvular lesions. The chordae 
tendineae (white arrows) are shortened and severely thickened. Right, an angiographic view showing unusual contour of the 
distal half of the balloon during inflation. Its upper and lower walls are flattened (black arrows) due to compression from the se- 
vere subvalvular lesions. The valve is also calcified (white circles). LA = left atrium; LV = left ventricle; MV = mitral valve. 
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therapy before PTMC in patients with atrial fibrillation 
was repealed. Patients with a history of embolism were 
given warfarin for at least 6 weeks before the proce- 
dure. PTMC was performed without a surgical team 
on standby. 

Balloon sizing: In the first 59 patients with pliable, 
noncalcified valves who did not develop significant mi- 
tral regurgitation after PTMC, the final balloon size 
used was then retrospectively correlated with the pa- 
tient’s height, body weight and body surface area. Since 
height was best correlated with the final balloon size, 
an empirical balloon reference size (in mm) was de- 
rived using the following formula: height (in cm) is 
rounded to the nearest zero, divided by 10, and 10 is 
added to the ratio; e.g., if height = 157 cm, then the 
reference size = 160/10 + 10 = 26 mm. The initial 
balloon size was reference size <2 mm in group 1, and 
reference size <4 mm in group 2. In subsequent dilata- 
tions, the balloon size was incremented by | mm. The 
final balloon sizes in group | ranged from —2 to +3 
mm from the par reference size and in group 2 from 
—3 to +2 mm. 

Echocardiographic studies and treadmill exercise 
test: Two-dimensional Doppler echocardiography was 
performed using a Hewlett-Packard phased-array sys- 


4! = 5 


FIGURE 2. Sequence of mitral valve dilatation using Inoue’s size-adjustable, self-positioning balloon catheter in angiographic 
right anterior oblique views: 1 = catheter balloon is in the left atrium; the more compliant distal half of the balloon is slightly in- 
flated with diluted contrast medium. 2 = the balloon is floated across the mitral valve into the left ventricle. 3 = the distal half is 
further inflated. 4 = the catheter is then pulled back to anchor the balloon at the mitral valve. 5 = as the proximal balloon is in- 
flated, a waist is created by the stenosed valve. 6 = at full inflation, the waist disappears as the commissures are split. The pig- 
tail catheter in the left ventricle and a Swan-Ganz balloon catheter in the pulmonary artery are also seen in all frames. 
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tem before and 1 day after PTMC. Echocardiographic 
scores were obtained using the system proposed by Wil- 
kins et al. Leaflet rigidity, leaflet thickening, leaf- 
let calcification and subvalvular thickening were each 
scored from 0 to 4 and tallied to a possible maximum 
of 16. A symptom-limited treadmill exercise test using 
Naughton’s protocol? was performed before and 3 
months after PTMC. 

Statistical analysis: Continuous variables are ex- 
pressed as mean + standard deviation and were ana- 
lyzed using Student’s ¢ test for paired data. Chi-square 
analyses were used to compare categorical variables. 
Uni- and multivariate analyses were performed to de- 
termine the predictive factors for an increase in mitral 
regurgitation and for hemodynamically suboptimal re- 
sults, which were arbitrarily defined as a gain in the 
valvular area of <50%. The variables analyzed were 
age, gender, cardiac rhythm, cardiothoracic ratio on 
chest x-ray, left atrial diameter on M-mode echocardio- 
grams, presence or absence of mitral valve calcification 
and of severe mitral subvalvular lesions, preexisting mi- 
tral regurgitation, balloon size and baseline hemody- 
namic parameters. The latter category included mitral 
valve area, mitral valve gradient, mean left atrial pres- 
sure, mean pulmonary artery pressure and cardiac out- 


TABLE I Failure And Complication Rates (219 Patients) 


; x % 
Failures 3 1.4 
Complications 
In-hospital mortality 
Mitral regurgitation 
Increased 
Severe (grade 3) 
Cardiac tamponade 
Emergency surgery 
Thromboembolism 
Atrial septal defect 
Vascular 


TABLE Il Hemodynamic Data Before and After 


Percutaneous Transvenous Mitral Commissurotomy 


All Pts. 
(n = 204) 


Group 2 
(n=74) 


Group 1 


(n = 130) p Value 


MV area (cm?) 
Before 
After 

MV gradient 

(mm Hg) 
Before 
After 

LA (mm Hg) 
Before 
After 

PA (mm Hg) 
Before 
After 

CO (liters /min) 
Before 44414 4441.1 
After 4741.21 4841.1* 

* p = 0.0001; * p<0.01 for in-group comparison. 
Results of 12 patients who developed 3+ mitral regurgitation after PTMC are 
grag l= patients with pliable, non-calcified mitral valves; Group 2 = patients with 


calcified mitral valves and/or severe mitral subvalvular lesions; CO = cardiac output; 
LA = left atrium; MV = mitral valve; NS = not significant; PA = pulmonary artery. 


1.0403 
1.8+0.5* 


NS 
0.0062 


1.0403 
2.04 0.7* 


1.0+04 
2.1 +0.8* 


NS 
0.0097 


13.9 + 5.0 
5i322,5% 


13.2+5.2 
6.3+2.8* 


13.0+5.1 
5.7 + 2.6* 


25.1 +5.4 
16.8 + 5.0* 


NS 
0.0005 


24.24 5.6 
WT £51" 


23.7+5.7 
14.2+4.9* 


42.5 + 143 
34.6 + 10.9* 


0.0185 
0.0001 


39.7. 13:0 
30.6 + 10.9* 


38.0 + 12.0 
28.4 + 10.2* 


4.51.9 
4741.3 


NS 
NS 





put. Life-table analyses were performed by the Kaplan- 
Meier method.'? A p value <0.05 was considered sig- 
nificant. 


RESULTS 

Transseptal catheterization was successful and un- 
complicated in all 219 patients. The mitral valve was 
successfully dilated in 216 patients (99%). 

Technical failures and complications (Table 1): 
Three technical failures occurred among the first 15 
attempts: 2 because of failure in manipulating the bal- 
loon across the valve and the other because of instru- 
ment failure of a prototype balloon catheter.3 The only 
in-hospital mortality occurred in a group 2 premori- 
bund patient in whom last-resort emergency PTMC 
created 3+ mitral regurgitation of the densely calcified 
valve. This patient died 3 days later of multiple organ 
failure. 


TABLE Ill Predictors For Outcomes of Percutaneous 
Transvenous Mitral Commissurotomy 


Outcomes 


Good 
(n= 167) 


Suboptimal* 
Variables 


Clinical 
Age (years) 
Female (%) 
Atrial fibrillation (%) 
Left atrial size (mm) 
Cardiothoracic ratio 
Valvular status 
Echo score 
Echo score > 8(%) 
Calcification (%) 
Severe subvalvular 
lesions (%) 
Hemodynamic (baseline) 
Mitral valve area (cm?) 
Mitral gradient (mm Hg) 
Mean left atrial pressure 
(mm Hg) 
Mean pulmonary artery 
pressure (mm Hg) 
Cardiac output (liters /min) 


40+11 
73.1 
54.8 
49.84+9.5 
0.61 + 0.08 


83.8 
55.3+10.1 
0.67 + 0.09 


6.34 1.4 
19.5 
15.8 
12.8 


10403 
140+5.0 
24.345.3 23.8+7.1 


39.9413.3 38.4411.7 


4441.1 4542.4 


* Gain in valve area < 50% after percutaneous transvenous mitral commissuro- 
tomy. 
NS = not significant 





The systemic embolisms in 3 patients were seen by 
transient cerebral ischemic attack, diplopia and left 
hemiparesis. The diplopia resolved in 3 months and 
the hemiparesis resolved over several months. None 
of the 9 patients in whom left atrial thrombi disap- 
peared before PTMC had embolic complications. After 
PTMC, atrial left-to-right shunts developed in 33 pa- 
tients (15%). The pulmonary to systemic flow ratio was 
S1.5 in 25, and between 1.5 and 1.8 in 8 patients. 
None of the patients had excessive bleeding requiring 
blood transfusions. 

Hemodynamic and echocardiographic results: Ex- 
cluding the 12 patients with resultant 3+ mitral regur- 
gitation, PTMC resulted in immediate improvements in 
the hemodynamic measurements of 204 patients (Table 
II). Left atrial pressure after PTMC remained >18 
mm Hg in 58 patients, including 22 patients with sub- 
optimal results, all of the 12 patients who developed 3+ 
mitral regurgitation, and 24 patients with good results. 
In the patients with 3+ mitral regurgitation, the mean 
left atrial pressure and v waves increased after the pro- 
cedure. In the patients with good results, the left atrial 
pressure remained high because of elevation in the left 
ventricular end-diastolic pressure >12 mm Hg. Mean 
mitral valve area measured by echocardiographic pla- 
nimetry increased from 0.99 + 0.49 to 1.78 + 0.65 cm2 
after PTMC (p = 0.0001). 
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Predictors for hemodynamic results: Table II also 
lists the hemodynamic results of 130 group | patients 
with pliable, noncalcified valves, and 74 group 2 pa- 
tients with calcified valves or severe subvalvular lesions, 
or both. Although group | had better hemodynamic 
results than group 2, there were no hemodynamic dif- 
ferences before PTMC except for higher mean pulmo- 
nary artery pressure in group 2. Univariate analysis 
showed older age, atrial fibrillation, larger left atrial 
size and cardiothoracic ratio, echo score >8, valvular 
calcification and severe subvalvular lesions as predictors 
for suboptimal results (Table III). Multivariate analysis 
showed an echo score >8, and valvular calcification 
and severe subvalvular lesions to be independent predic- 
tors for suboptimal hemodynamic results. 

Mitral re: ion: Figure 3 shows changes in the 
degree of mitral regurgitation as assessed by left ven- 
triculograms before and after PTMC. Mitral regurgita- 
tion remained unchanged in most of the 141 cases 
(65%). It decreased in 3 patients, and either appeared 
or increased in 72 patients (33%). Of these 72, the de- 
gree of mitral regurgitation increased by 1+ in 50 pa- 
tients, by 2+ in 18 and by 3+ in 4. In all, 12 patients 
(6%) had 3+ mitral regurgitation after PTMC. As 
stated previously, 1 group 2 patient with 3+ mitral re- 
gurgitation died in the hospital. Another group 2 pa- 
tient underwent mitral valve surgery 1 month later be- 
cause of worsening symptoms. Tearing of the anterior 
leaflet and severe subvalvular lesions were found at sur- 
gery. The other 10 patients had clinical improvements. 
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Increases in the degree of mitral regurgitation were 
more frequent in group 2 than in group 1. The inci- 
dence of the increase by any given grade was 38% in 
group 2 and 31% in group 1 (p <0.001); the increase of 
>2+ was 14% for group 2 and 9% for group | (p 
<0.001). Multivariate analysis identified balloon over- 
sizing (above the par reference size) in group 1, and 
preexisting mitral regurgitation and male gender in 
group 2—but not balloon size—as predictors for the 
increase of 22+. 

Immediate clinical results: Two hundred fifteen pa- 
tients (136 in group 1 and 79 in group 2) were dis- 
charged from the hospital, usually on the second day, 
after successful PTMC. At follow-up visits 1 to 2 weeks 
later, except for 6 group 2 patients, 209 patients (97%) 
had improvements in symptoms and in New York 
Heart Association functional class by at least 1 class 
(Figure 4). Treadmill exercise tests were available for 
159 patients to compare exercise duration before and 3 
months after PTMC (Figure 5). The duration in- 
creased in all patients. 

Late outcomes: Follow-up data were obtained in all 
215 patients for at least 6 months: 136 group | patients 
for up to 42 months (median 19) and 79 group 2 pa- 
tients for up to 31 months (median 13). The cumula- 
tive cardiovascular event-free rates are shown in Figure 
6. The rate for group 1 was 100% for the entire follow- 
up period; that for group 2 was 92, 91 and 86% at 6, 12 
and 18 months, respectively, and it held at 76% at 24 
months and beyond. The 6 group 2 patients, who did 


FIGURE 3. Changes in the degree of 
mitral regurgitation before (Pre-) and 
after (Post-) percutaneous transvenous 
mitral commissurotomy (PTMC) in 216 
patients, as assessed by left ventric- 
ulography according to Sellers et al.” 


FIGURE 4. Changes in New York 
Heart 


my (PTMC) in 215 patients. 


not improve clinically as previously noted, under- 
went elective mitral valve replacement within 1 to 22 
months: 1 because of severe mitral regurgitation result- 
ing from a tear in the anterior mitral leaflet and the 
other 5 because of suboptimal hemodynamic results. 
One group 2 patient developed mitral restenosis in 22 
months and underwent mitral valve replacement after 
repeat PTMC failed to improve the symptoms. Late 
deaths occurred in 6 group 2 patients: 4 cardiac and 2 
noncardiac deaths (traffic accidents). Of the 4 cardiac 
deaths, 2 were sudden at 7 and 12 months, | as a result 
of multiple cerebral embolisms after 4 months, and the 
other because of uremia and heart failure 7 months 
after PTMC. There were continued clinical improve- 
ments in the other 67 group 2 patients and all group | 
patients at their last follow-up examinations. None of 
these patients had clinical evidence of mitral restenosis. 


DISCUSSION 

This study in a large number of patients in a single 
center confirms the findings of a previous multicenter 
trial,? that PTMC using Inoue’s balloon-catheter tech- 
nique indeed increases mitral valve area in patients with 
severe rheumatic mitral stenosis. The results are al- 
so consistent with those of double-balloon mitral val- 
vuloplasty using conventional Mansfield balloon cathe- 
ters!!.!? or combinations of a Mansfield and a trefoil 
balloon catheter.!! As a result of the increase in the 
valve area, the mitral valve gradient, left atrial pressure 
and mean pulmonary artery pressure were immediately 








reduced. These hemodynamic benefits were mirrored in 
clinical improvements in the patients’ symptoms. In ad- 
dition, we documented improved exercise tolerance af- 
ter PTMC by noting increases in treadmill exercise du- 
rations. 

Complications: Our extensive experience with 
PTMC yields a high technical success rate (99%) and 
an encouraging safety record. Only 3 technical failures 
occurred in our early experience. Transseptal catheter- 
ization was successful and uncomplicated in all cases. 
The only in-hospital mortality occurred in a premori- 
bund patient 3 days after last-resort emergency PTMC 
created severe mitral regurgitation of the densely calci- 
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P=0.0001 


8.9 + 4.9 
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FIGURE 5. Improvements in exercise duration before and 3 
months after percutaneous transvenous mitral commissuroto- 
my (PTMC) in 159 patients, as assessed by treadmill exercise 
test using Naughton’s protocol.’ 
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fied mitral valve. There was no cardiac tamponade or 
emergency cardiac surgery. 

Systemic embolisms occurred in 3 patients: 2 over- 
ly prolonged procedures in our early experience and | 
case of delayed heparin administration after transseptal 
catheterization. Because the embolisms appeared to be 
related to inadequate heparinization rather than dis- 
lodgement of unsuspected left atrial thrombi, it cannot 
be overemphasized that intravenous heparin must be 
given immediately after confirming entry of the trans- 
septal catheter into the left atrium, and should be sup- 
plemented if the procedure is prolonged. Embolization 
has not occurred in any patients with a history of sys- 
temic embolism nor in patients in whom PTMC was 
performed after resolution of left atrial cavity thrombi. 
New atrial septal defects occurred in 15% of the pa- 
tients. In these patients, the magnitude of the shunt was 
small with a pulmonary to systemic flow ratio $1.8 
(mostly <1.5), and had no hemodynamic or clinical 
consequences. 

Limitations of percutaneous transvenous mitral 
commissurotomy: Two major drawbacks of PTMC are 
possible suboptimal hemodynamic results (a gain in the 
valvular area of <50%) and creation of severe mitral 
regurgitation. However, our study shows almost all pa- 
tients with suboptimal hemodynamic results or resul- 
tant mitral regurgitation also had clinical improve- 
ments. In a small number of these patients who have no 
improvement, mitral valve surgery can be conducted 
electively. 

As in previous studies,>46!! our findings also show 
that predictors of suboptimal hemodynamic results of 
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PTMC are related to the morphology of the diseased 
mitral valve. Univariate analysis revealed older age, 
atrial fibrillation, larger left atrial size and cardiotho- 
racic ratio, echo score >8, valvular calcification and se- 
vere subvalvular lesions as predictors for suboptimal re- 
sults. Multivariate analysis showed an echo score >8, 
valvular calcification and severe subvalvular lesions to 
be independent predictors for hemodynamically subop- 
timal results. 

Mitral regurgitation: The degree of mitral regurgi- 
tation increased in one-third of our patients. In most of 
these patients, the resultant mitral regurgitation was 
mild to moderate and posed no significant impact on 
the patients’ hemodynamic results or clinical outcomes. 
In a few of the patients (6%), severe 3+ mitral regurgi- 
tation developed. However, in most patients clinical im- 
provements were also observed. None of our patients 
developed 4+ mitral regurgitation. 

Patients with calcified valves or severe subvalvular 
lesions, or both, are at increased risk of developing mi- 
tral regurgitation than those with pliable, noncalcified 
valves. In the latter patients, increase in mitral regurgi- 
tation of 22+ is solely related to oversizing the balloon. 
In the former patients, preexisting mitral regurgitation 
is a predictor of the increase. In this group, develop- 
ment of significant mitral regurgitation may occur with 
any balloon size. Therefore, the stepwise dilatation 
technique should be executed with extra care. 

After each dilatation of the valve, its effect and de- 
gree of mitral regurgitation should be evaluated by 
means of pressure measurements, auscultation, color 
Doppler echocardiography, and, if necessary, left ven- 


FIGURE 6. Cumulative event-free sur- 
vival rates for group 1 patients (with 
pliable, noncalcified mitral valves) and 
group 2 patients (with calcified valves 
or severe mitral subvalvular lesions, or 
both). 


triculography. Pressure measurements should include 
mitral valve gradient derived from measurements of left 
atrial pressure with the Inoue balloon catheter and left 
ventricular pressure with the catheter in the left ventri- 
cle. Measurement of left atrial pressure alone is insuffi- 
cient, because suboptimal reduction of the left atrial 
pressure (e.g., <18 mm Hg) may occur because of (1) 
inadequate dilatation of the valve, (2) elevation of the 
left ventricular diastolic pressure despite optimal dilata- 
tion of the valve, and (3) development of severe mitral 
regurgitation. Lack of substantial reduction in mean 
left atrial pressure along with the development of prom- 
inent left atrial v waves usually suggests occurrence of 
severe mitral regurgitation. 

Long-term results: Late outcomes of this study are 
encouraging. Patients with pliable noncalcified valves, 
usually young and in sinus rhythm, were free of cardio- 
vascular events for as long as 42 months. The long-term 
effects of PTMC in this group of patients are expected 
to be excellent. Thus, they are ideal candidates for 
PTMC. When restenosis of the mitral valve occurs in 
these patients, it is likely that repeat PTMC can still be 
performed, as suggested by our experience and reports 
of successful balloon catheter mitral commissurotomy 
or valvuloplasty for restenosed mitral valves after surgi- 
cal commissurotomy.?4-11.12 

In contrast, the late outcomes in patients with calci- 
fied valves or severe subvalvular lesions, or both, were 
less favorable. The event-free survival rate for these pa- 
tients was 91% at 12 months, and 76% from 24 to up 
to 31 months. The events included 4 deaths (2 sudden 
deaths, 1 each from systemic embolism and congestive 
heart failure), and 7 cases of elective mitral valve sur- 
gery. The latter included 5 for suboptimal results, 1 
each for severe mitral regurgitation and mitral resteno- 
sis. Although the long-term results of PTMC in pa- 
tients with calcified valves or severe subvalvular lesions, 
or both, are less favorable, the procedure may yet be a 
desirable palliative option. PTMC is safe and worth- 
while even if clinical improvements are sustained for 
only several years. When mitral restenosis occurs in 
these patients, mitral valve surgery can still be per- 
formed without difficulties arising from previous thora- 
cotomy. 

Patient selection: Our study has demonstrated that 
PTMC can be performed safely in a variety of patients 
with mitral stenosis: those with variable valvular status 
(pliable, calcified or with severe subvalvular lesions), 
atrial fibrillation, a history of systemic embolism, 1+ or 
2+ mitral regurgitation, severe aortic regurgitation, 
previous surgical commissurotomy, and those at in- 
creased surgical risk such as patients with chronic lung 
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diseases, severe kyphoscoliosis, uremia and liver cirrho- 
sis. The 2 absolute contraindications for PTMC are se- 
vere (>3+) mitral regurgitation and the presence of a 
left atrial thrombus. 

Selection criteria for PTMC continue to evolve with 
time and they depend on operator experience, morpho- 
logic configurations of the diseased mitral valves 
and future developments. In the early experience, one 
should (as we did) adhere to the strict criteria used for 
surgical closed mitral commissurotomy in selecting only 
patients with pliable, noncalcified mitral valves for 
PTMC. With more experience, one can broaden the 
criteria to include patients with calcified mitral valves 
or severe mitral subvalvular lesions, or both—namely, 
patients who would otherwise be likely candidates for 
mitral valve replacement surgery. 

In this study, PTMC was performed without embol- 
ic complications in 9 patients whose left atrial cavity 
thrombi resolved after warfarin therapy, as observed by 
transthoracic 2-dimensional echocardiography. Where- 
as presence of small residual left atrial thrombi in the 
left atrial appendage could not be ruled out without the 
more sensitive transesophageal echocardiography, we 
judged it safe to proceed with PTMC.® Although the 
presence of left atrial thrombus is considered an abso- 
lute contraindication for the procedure, this limited ex- 
perience suggests that it is feasible to first manage pa- 
tients with mitral stenosis and left atrial thrombus with 
warfarin treatment if their clinical and hemodynamic 
status does not warrant immediate surgery. If the 
thrombus resolves, PTMC can then be performed safe- 
ly. Further documentation awaits completion of our on- 
going prospective study of left atrial thrombus in pa- 
tients with mitral stenosis receiving warfarin treatment. 
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Effects of Aerobic Exercise Training on 
Symptomatic Women with Mitral Valve Prolapse 


Kristine A. Scordo, PhD, RN 





The effects of a 12-week aerobic exercise train- 
ing protocol on 32 symptomatic women with mi- 
tral valve prolapse were studied. Subjects were 
randomly assigned to control or exercise groups. 
Exercise subjects completed a 12-week (3 times 
per week) exercise training program based on 
guidelines established by the American Heart 
Association for phase Il cardiac rehabilitation 
programs; control group subjects maintained 
normal activities. Before and after training, sub- 
jects underwent maximal multistage treadmill 
testing, and measurements were obtained for 
plasma catecholamine levels at rest and during 
peak exercise; they completed the State Trait 
Anxiety Inventory and General Well-Being 
Schedule. Weekly symptom frequency of chest 
pain, arm pain, palpitations, shortness of breath, 
fatigue, headache, mood swings, dizziness and 
syncope were monitored for the 12-week period. 
Data were analyzed using multivariate analysis 
of variance, multivariate analysis of covariance, 
and analysis of covariance with repeated mea- 
sures. Compared with control subjects, the exer- 
cise group showed a significant (p <0.05) de- 
crease in State Trait Anxiety Inventory scores, 
an increase in General Well-Being scores, an in- 
crease in functional capacity and a decline in the 
frequency of chest pain, fatigue, dizziness and 
mood swings. No statistically significant differ- 
ences were noted in catecholamine levels at rest 
or during peak exercise. These findings support 
the use of aerobic exercise in the management of 
symptomatic women with mitral valve prolapse. 
(Am J Cardiol 1991;67:863-868) 
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Ithough exercise is an accepted adjunct treat- 
A ment for other forms of cardiac conditions, it 
has not been studied to any extent for symp- 
tomatic mitral valve prolapse (MVP). Recent evidence 
suggests that autonomic dysfunction, a hyperadrenergic 
State, metabolic disturbances, or combinations thereof, 
are a potential explanation for the constellation of 
symptoms often associated with MVP.!-8 Theoretically, 
the physiologic and psychologic adaptations?-!8 associ- 
ated with aerobic exercise should be of benefit in reduc- 
ing the frequency and severity of the symptoms. 
Despite the prevalence of MVP and the voluminous 
amount of literature on this subject, published studies 
that address the effects of an aerobic exercise training 
program on symptomatic persons are not available. 
Therefore, this study explored the effects of an aerobic 


training program on the symptoms associated with 
MVP. 


METHODS 

Patients: Thirty eight women, aged 21 to 49 years 
(mean 34), who had been diagnosed with MVP were 
recruited from private cardiology practices in a large, 
midwestern city. All subjects had been symptomatic for 
at least 1 year, and were currently having >1 symptom 
on a weekly basis. Auscultatory findings consisted of 
mobile nonejection systolic click(s) with or without a 
mid- to late systolic murmur. The diagnosis of MVP 
was confirmed by M-mode and 2-dimensional echocar- 
diography as previously described.!92° Exclusion crite- 
ria were persons with known major pathology, or those 
with a chronic illness; postmenopausal women; preg- 
nant women; patients for whom medications have had 
a known effect on cardiac or neuroendocrine function; 
subjects who were currently exercising on a routine ba- 
sis (2 to 3 times each week for a minimum of 20 min- 
utes); persons with contraindications to exercise; pa- 
tients with complex ventricular arrhythmias, significant 
mitral regurgitation, prolonged QT interval and those 
with a family history of sudden death due to MVP. 
Information was obtained through interview and review 
of medical records. 

Study protocol: The study protocol was approved by 
the Biomedical Sciences Human Subject Review Com- 
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TABLE I Comparison Between Exercise and Control Groups: 
Marital and Occupational Status, Race, Age, and Percent of 
Body Fat 


Control 
(n=19) 


Exercise 


Variable (n= 19) 


Age (years) 
Marital status 
Single 
Married 
Divorced 
Occupational status 
Not employed 
Clerical 
Administrative 
managerial, 
professional 
Race 
White /black 
Percent body fat 


mittee at The Ohio State University. A total of 38 
women were randomly assigned to the control or exer- 
cise groups; 32 subjects completed the research proto- 
col. Three subjects in each group withdrew for a total 
attrition rate of 16%. These subjects were unable to 
complete the protocol because of problems related to 
child care and work schedules. Pretest measurements in 
the 6 who withdrew were comparable. Demographic 
characteristics of the groups are listed in Table I. 


SYMPTOM CHECK LIST 


Subject # __.. Week # _... Week ending ---/-_-/_-- 


Place a number next to the symptom which best indicates 
the frequency that you experienced this symptom during 
the past week. 


5 - All of the time 

4 - Most of the time 

3 - A good bit of the time 
2 - Some of the time 

1- A little of the time 

O - None of the time 


SYMPTOM FREQUENCY 


CHEST PAIN AND/OR 


HEST DISCOMFORT 
AND/OR DISCOMFORT 
1ONS/SKIPPED BEATS 
SHORTNESS OF BREATH 
FIGUE 
EAD 
XIOUS (FEELING NERVO 
MOOD SWINGS 
DIZZINESS AND/OR LIGHTHEADEDNESS 
PASSING OUT SPELLS 
OTHER 


ARM PA 


S OR FRIGHTENED. 





FIGURE 1. Weekly symptom check list. (Copyright 1990 K. 
A. Scordo. Reprinted with permission.) 


864 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





Pretest and post-test data included estimated maxi- 
mal oxygen uptake (ml/kg-min) as described previous- 
ly,2! State Trait Anxiety Inventory, General Well-Be- 
ing Schedule and resting and peak exercise cate- 
cholamine levels. At the end of each week, subjects 
completed a symptom checklist (Figure 1). Five cardi- 
ologists who served as the expert panel were asked to 
list what they recognize as the most frequently occur- 
ring symptoms. Based on their responses, as well as 
items from published reports, the questionnaire was 
constructed. Because the purpose of this questionnaire 
was to serve as a measure of the subject’s perception of 
their symptom frequency, and because the patient’s 
subjective measures are often in conflict with objective 
data, no attempt was made to correlate symptoms with 
diagnostic testing. For example, it is not unusual for 
patients to record “palpitations” during 24-hour Holter 
monitoring while having sinus tachycardia.’ 

The following pre- and post-test procedures for ex- 
ercise testing and plasma catecholamines were: Before 
the start of the graded exercise stress test (standard 
Bruce protocol), and after a 20-minute rest period in a 
sitting position, venous blood was drawn from a fore- 
arm vein through an indwelling catheter. Post-test plas- 
ma levels were obtained at approximately the same 
time of day as the pretest levels were drawn. Subjects 
were instructed to avoid drinking coffee and tea and 
smoking cigarettes for 3 hours before the collection of 
the sample. A second venous sample was obtained dur- 
ing the exercise stress test at the highest heart rate 
achieved. Postexercise samples were drawn at this same 
heart rate. Specimens were kept on ice, centrifuged and 
kept frozen until the analysis was performed. Norepi- 
nephrine and epinephrine levels were determined using 
[3H] radioenzymatic assay system (Amersham’s Cat-a 
Kit). The State Trait Anxiety Inventory and General 
Well-Being Schedule were administered using stan- 
dardized instructions. 

Exercise group: Subjects in this group exercised 3 
times a week for a total of 12 weeks. The aerobic exer- 
cise training program was based on guidelines estab- 
lished by the American Heart Association.?? The for- 
mat for each exercise session included a warm-up peri- 
od, a training or endurance phase and a cool-down 
period. The intensity of the work load was designed to 
maintain heart rate response between 60 and 85% 
of maximum and a perceived exertion of “somewhat 
hard” on the Borg scale of rated perceived exertion. 
Depending on individual fitness levels, subjects began 
with a minimum of 10 to 15 minutes of continuous 
exercise. This was increased by approximately 5 min- 
utes each week until 45 to 60 minutes of continuous 
aerobic exercise was reached. Subjects exercised using 


21 of the following equipment: treadmill, Tunturi bicy- 
cle ergometer and Schwinn AeroDyne stationary bicy- 
cle. Subjects were monitored by the use of a Quinton 
Paragon 420 telemetric monitoring system. All exercise 
sessions were held in an outpatient, free-standing cardi- 
ac rehabilitation center. 

Control group: This group received no exercise 
treatment. Subjects were instructed to maintain their 
normal activity level. If a subject began an informal or 
formal exercise program, they were excluded from the 
study. The post-test measure of functional capacity 
served to validate the subject’s self report of activity. 
After completion of the study, these subjects were given 
the opportunity to participate in the same exercise pro- 
gram as that of the exercise group. 

Statistical analysis: Initial analysis demonstrated a 
substantial relation between pre- and post-test function- 
al capacity (r = 0.60, p <0.001) and a moderate asso- 
ciation between pretest functional capacity and post- 
test exercise epinephrine (r = —0.48, p <0.015). Mod- 
erate inverse relationships (p <0.05) were noted 
between functional capacity and palpitations (r = 
—0.45), shortness of breath (r = —0.45), anxiety (r = 
—0.35) and mood swings (r = —0.32). Four analyses 
were done: (1) multivariate analysis of variance was 
used to determine treatment effects on State Trait 
Anxiety Inventory and General Well-Being Schedules; 
(2) multivariate analysis of covariance (ANCOVA) 
was used to determine the effect of the exercise training 
program on catecholamines with functional capacity as 
the covariate; (3) ANCOVA was used to analyze the 
effect of the treatment on functional capacity after ad- 
justing for initial level of fitness; and (4) ANCOVA 
with repeated measures with functional capacity as the 
covariate was used to determine treatment effects on 
symptoms. Since there was no variance in the symptom 
syncope, this symptom was not entered into the analy- 
ses. With the exception of those analyses using AN- 
COVA with repeated measures, pre- to post-test com- 
parisons were done on the difference or gain scores. All 
analyses except ANCOVA with repeated measures 
were conducted with the SPSS-X Data Analysis Sys- 
tem. ANCOVA with repeated measures was executed 
with the BMDP Statistical Software. A p value <0.05 
was considered statistically significant. To compensate 
for pretest/post-test sensitization, an improvement of 
25% in functional capacity was considered significant. 


RESULTS 

Symptoms: At pretest, all subjects reported >3 
symptoms on a weekly basis. The percentage of fre- 
quency of each symptom at pretest is depicted in Figure 
2. One additional symptom reported by 4 subjects was 


a feeling of a lump in the throat. The true incidence 
of symptoms in patients with MVP syndrome is un- 
known.” The higher percentage of the frequency of 
symptoms documented in this study may reflect a selec- 
tion bias. 

ANCOVA with repeated measures (1 grouping fac- 
tor, experimental versus control, and 1 within factor, 
time) demonstrated a significant difference over time 
between the 2 groups for the symptoms of chest pain, 
fatigue, dizziness and mood swings. The lack of statisti- 
cal significance for the remaining symptoms may be 
related in part to the small sample size with resulting 
low power (<0.45). This is quite conceivable since each 
subject was analyzed for 9 symptoms over a 12-week 
period. Except for the symptom headache, a significant 
pattern or within-group effect was noted for all symp- 
toms. 

Most symptoms declined in frequency over time for 
the exercise group. The greatest decline was seen at 
week 6. This may have been related to physiologic ad- 
aptations seen after several weeks of exercise training. 
Chest pain, palpitations and dyspnea declined in fre- 
quency in both groups. This decline may reflect various 
physiologic changes such as varying catecholamine 
levels, total circulating blood volume, or a tendency 
toward greater acceptance and understanding of symp- 
toms, or a combination of these. 

General well-being, state and trait anxiety: The ex- 
ercise group demonstrated a significant improvement in 
general well-being and a reduction in state and trait 
anxiety (Table II). Mean scores for the exercise group 
represent marginal positive well-being, whereas scores 
for the control group correspond with mild problem- 
indicative stress. The lower mean scores for the exercise 
group on the State Trait Anxiety Inventory correspond 
with a decrease in anxiety level. 
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FIGURE 2. Percent of pretest symptom frequency for exercise 
and control groups combined. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 15,1991 865 


TABLE Il Observed Post-Test (Mean + Standard Deviation) 
and Multivariate Analysis of Variance for the Dependent 
Measures General Well-Being Schedule, State and Trait 
Anxiety* 


Univariate 
Analysis 


Variables F (df, 1,31) 


General Well-Being 
Schedule 
Control group 
Exercise group 
State Anxiety 
Inventory 
Control group 
Exercise group 
Trait Anxiety 
Inventory 
Control group 
Exercise group 


* Wilks’ \ 0.64, F = 6; df = 3,30; p <0.004. 
df = degrees of freedom; SD = standard deviation. 


53416 
72+16 


44411 
33412 


48411 
37412 


Functional capacity: The estimated maximal oxy- 
gen uptake at pretest, as compared with established 
norms,24 revealed a low functional capacity in 4 sub- 
jects (11%), fair in 10 subjects (26%), average in 15 
subjects (39%) and good in 9 subjects (24%). Resting 
heart rates ranged between 60 to 106 beats/min (mean 
79). Supine resting systolic blood pressure ranged from 
82 to 142 mm Hg and diastolic from 54 to 90 mm Hg 
(mean 107/68 mm Hg). Time on the multistage tread- 
mill test ranged from 4 to 11 minutes. 

No significant arrhythmias, or ST-segment and T- 
wave abnormalities were noted during graded treadmill 
exercise testing or during the exercise sessions. There 
were no complaints of an increase in symptoms for any 
of the subjects in the exercise group. 

Pearson’s correlation coefficient failed to demon- 
strate a significant relation between age and functional 
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FIGURE 3. Comparison of the exercise group pretest—post- 


test estimated maximal oxygen consumption (MVOz) (ml/ 
kg-min). 
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capacity. This is of interest, particularly because of the 
relatively young ages of the subjects. In general, based 
on normal healthy populations, there is an inverse rela- 
tion between age and functional capacity.?> There was 
a significant increase in functional capacity for the ex- 
ercise group (Figure 3); no significant changes were 
noted in the control group (Figure 4). The observed 
means + standard deviation for functional capacity 
were 30 + 8 (ml/kg-min) for the control group and 41 
+ 6 (ml/kg-min) for the exercise group (p <0.001). 
Plasma catecholamines: At pretest, 47% of the sub- 
jects had elevated resting norepinephrine levels (9 sub- 
jects in each group) and 18% had elevated resting epi- 
nephrine levels (3 subjects in the control and 4 in the 
exercise groups). Because of technical difficulties, only 
20 specimens were analyzed (9 in the exercise and 11 in 
the control groups); the resulting power was <0.45. Al- 
though there was a decline in resting epinephrine and 
exercise epinephrine, this was not statistically signifi- 
cant (see Table III). The higher levels of exercise nor- 
epinephrine for the exercise group are most likely relat- 
ed to the higher work loads achieved after training. 


DISCUSSION 

The findings of this study suggest that aerobic train- 
ing has potential as an intervention to improve psycho- 
logic well-being and reduce the frequency of symptoms 
associated with MVP. 

A common clinical finding associated with MVP is 
the reported variation in symptoms over time. From de- 
scriptive data obtained from the comments written by 
subjects on the weekly symptoms check list, it was not- 
ed that the greatest increase in symptoms occurred dur- 
ing menses, with excessive fatigue, or during emotional 
stress related to employment or family life, or both. 

At the completion of their participation, subjects in 
the exercise group commented that situations or stress- 
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FIGURE 4. Comparison of the control group pretest—post 


ors that usually produced their symptoms either did not 
produce these symptoms, or the symptoms were less 
intense. A modified stress response became most evi- 
dent for 2 of the exercise group subjects, who, before 
participating in the research protocol, presented them- 
selves on a weekly to bimonthly basis to the emergency 
room because of chest pains or palpitations, or both. 
These persons related how fearful they were of their 
symptoms; they had a feeling of impending death. 
These same persons reported that they had not been to 
an emergency room since participating in the research 
study. Conceivably, exercise may reduce the utilization 
of emergency room visits. However, more data are 
needed to substantiate this potential outcome. 

Most subjects stated that they felt “generally miser- 
able and wiped out” within 24 hours after the maximal 
graded exercise stress test. Subjects complained of nau- 
sea or noted an increase in their present symptoms. 
This was evident at pretest for both groups, but less 
evident after post-testing for the exercise group. This is 
consistent with clinical complaints of increased symp- 
toms after intense unaccustomed exertion. This is an 
issue that warrants further investigation. 

An anecdotal finding was reports of changes in 
sleeping patterns. Subjects who had difficulty sleeping 
noted that they could sleep better; those who believed 
they slept for long periods of time and remained fa- 
tigued during the day, slept less and felt more energetic. 
This issue should be addressed in further studies. 

Study limitations: There are several limitations re- 
garding the results of this study. Because of the small 
sample size and problems associated with the use of 
multiple statistical tests on such a sample, the results 
need to be interpreted with caution. Results from this 
study are restricted to female patients with MVP who 
are on a specific aerobic exercise protocol. These results 
should not be generalized to other groups of patients 
with MVP, such as men, or those with significant dys- 
rhythmias. It cannot be assumed that other exercise 
techniques would generate the same results. Familiar- 
ization with the treadmill during the exercise training 
period may have positively influenced the results of the 
graded exercise stress test. Also, psychologic or social 
influences of being in a support group during exercise 
could have served as an unanticipated intervention. 
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TABLE Ill Observed Post-Test (Mean + Standard Deviation) 
and Multivariate Analysis of Covariance for the Dependent 
Measures of Resting and Exercise Norepinephrine and 
Epinephrine* 


Univariate 
Analysis 
F (df 1,17) 


Variables p Value 


Resting epinephrine 
Control group 
Exercise group 

Resting 

norepinephrine 
Control group 
Exercise group 

Exercise epinephrine 
Control group 
Exercise group 

Exercise 

norepinephrine 
Control group 
Exercise group 


40 + 23' 
26412 


331+ 63' 
330 + 70 
1,121 
164 + 236! 
12795 
969,875 


1,091 + 574' 
1,564 + 883 


* Wilks’ \ 0.64, F = 1.96, df 4,14, p <0.16, power <0.45. 
Tng/liter. s 
df = degrees of freedom; SD = standard deviation. 
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VALVULAR HEART DISEASE 


Validity of an Early Postoperative Baseline 
Doppler Recording After Aortic 
Valve Replacement 


Rune Wiseth, MD, Lars Hegrenaes, MD, Ole Rossvoll, MD, Terje Skjaerpe, MD, and Liv Hatle, MD 





In 131 patients undergoing aortic valve replace- 
ment (53 bioprostheses, 78 mechanical), the 
pressure decrease across the prosthesis was re- 
corded with Doppler ultrasound at a baseline 
study early postoperatively (mean 11 + 5 days) 
and compared with a repeat measurement 3 to 5 
months later. At baseline the hemodynamic state 
was markedly different, with increased heart 
rate (89 + 14 vs 74 + 13 beats/min, p <0.001) 
and decreased left ventricular ejection time index 
(367 + 21 vs 390 + 22, p <0.001). A minor and 
Clinically insignificant decrease in pressure de- 
crease with time was found. The 95% confi- 
dence interval for the difference was 0.2 to 3.0 
and 0.2 to 1.7 mm Hg for the peak and the mean 
pressure decrease, respectively. The change in 
pressure decrease was statistically significant 
for bioprostheses (mean 16 + 5 vs 14+ 4mm 
Hg, p <0.01) and smaller (<23 mm) valves 
(mean 17 + 4 vs 15 + 4mm Hg, p <0.01), 
whereas no significant changes were found for 
mechanical valves or valves of a larger size. The 
change in mean pressure decrease from baseline 
to the second examination was within +5 mm Hg 
for 82% of patients. It is concluded that despite 
a different hemodynamic state in the early post- 
operative period, the pressure decrease across 
aortic valve prostheses obtained at this time can 
be used as a reference for later comparison. 

(Am J Cardiol 1991;67:869-872) 
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oppler ultrasound has been established as a 
D valuable tool in the evaluation of aortic valve 

prostheses.'~3 The noninvasively obtained pres- 
sure decrease has been shown to correlate well with in- 
vasive recordings,'-4 and several reports give reference 
values for velocities and pressure decreases across dif- 
ferent types of prosthetic aortic valves.5-7 There is con- 
siderable overlap among different types and sizes of 
prostheses.8-10 The pressure decrease across normally 
functioning prostheses will, in addition to the character- 
istics of the prosthesis, be influenced by several patient- 
related factors (heart rate, stroke volume, myocardial 
function). Therefore, a baseline recording for compari- 
son could be useful in the assessment of prosthetic valve 
function at follow-up. This could be performed early 
postoperatively, but the result at this time might be in- 
fluenced by an altered hemodynamic state (heart rate, 
loading conditions, pericardial effusion) as well as a 
more limited access in some patients. The aim of our 
study was to assess the validity of the pressure decrease 
obtained across aortic valve prostheses in the early post- 
operative period as a reference for later comparison. 


METHODS 

Patients: Patients undergoing aortic valve replace- 
ment from 1983 to 1989 were consecutively included in 
the study when a Doppler ultrasound study with techni- 
cally adequate recordings could be performed before 
hospital discharge and a second study 3 to 5 months 
postoperatively. Patients with more than minor aortic 
regurgitation at the baseline study were not included 
and patients who later developed signs of prosthesis 
malfunction were excluded. Mean time from surgery to 
the first examination was 11 + 5 days. A total of 131 
patients were included, 53 with a bioprosthesis (24 
Carpentier Edwards, 28 Carpentier Edwards supraanu- 
lar, 1 Xenotech), and 78 with a mechanical valve (60 
Medtronic-Hall, 13 Duromedics, 5 Sorin). A subgroup 
of 71 patients underwent a third examination 12 to 
18 months postoperatively. The Doppler recordings 
were performed with an Irex III B, Irex Meridian or 
VingMed CFM 700 with a 2.0- or 2.5-MHz transduc- 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 15, 1991 869 


TABLE I Pressure Decrease (mm Hg), Heart Rate and Left 
Ventricular Ejection Time Index at Baseline and at Three to 
Five Months Postoperatively (n = 131) 


Baseline 3 to 5 Months 95% Cl 


Peak 27+9 
(10-64) 
1545 

(5-34) 
89414 
(54-120) 

367 +21 

(312-429) 

Ranges are given in parentheses. 

HR = heart rate; LVETI = left ventricular ejection time index; Mean = mean 


pressure drop; Peak = peak pressure drop; 95% CI = 95% confidence interval for the 
difference. 


26+8 
(12-58) 
1444 
(6-26) 
74413 
(45-111) 
390 + 22 
(342-456) 


Mean 
HR (beats/min) 


LVETI 













TABLE Il Change in Pressure Decrease (mm Hg) from 
Baseline to Recording at Three to Five Months According to 
Prosthesis Type and Size 





















Type and Size Baseline 3to5Months 95% CI 






Bioprostheses (n = 53) 





Peak 28+ 10 24+7 0.7-5.7 
(11-64) (13—41) 
Mean 16+5 1444 0.6-3.4 
(6-34) (7-23) 
Mechanical (n = 78) 
Peak 2749 2749 —1.1-2.1 
(10-48) (12-58) 
Mean 1445 1445 -0.7-1.1 
(5-30) (6-26) 
Size 20 to 23 mm (n = 53) 
Peak 3148 2948 0.6-4.9 
(16-47) (18-58) 
Mean 17+4 15+4 0.4-2.7 
(5-30) (6-26) 
Size 25 to 31 mm (n= 78) 
Peak 2449 24+8 —1.2-2.7 
(10-64) (12-47) 
Mean 14+5 1344 —0.5-1.6 
(5-34) (6-23) 


Abbreviations as in Table I. 


er. The transprosthetic velocities were recorded by con- 
tinuous-wave Doppler. A computerized digitizer was 
used for envelope tracing of the velocity curves and cal- 
culation of peak and mean pressure decreases. In pa- 
tients with sinus rhythm, =3 consecutive beats were 
averaged; in patients with atrial fibrillation, 25 consec- 
utive beats were averaged. Left ventricular outflow 
tract velocities were recorded using pulsed-wave Dopp- 
ler, with the sample volume positioned just below the 
prosthesis. The net gradient (corrected for subvalvular 
velocities) was obtained by subtracting the left ventricu- 
lar outflow tract velocities (Vlvot) in the Bernoul- 
li equation: net gradient = 4(Vmax? — Vivot? ).*!! In 
the first part of the study period, the subvalvular record- 
ings were not routinely documented by strip-chart re- 
cording in cases where the subvalvular velocity did not 
exceed 1 m/s. Recordings for calculating the net trans- 
prosthetic pressure decrease at both examinations were 
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available in 41 patients. Left ventricular ejection time 
was measured from the start of the opening to the start 
of the closing signal of the prosthesis. Paper speed was 
50 to 75 mm/s. Left ventricular ejection time index was 
calculated according to the formula of Weissler.!? 

Reproducibility: In a recent study from our labora- 
tory, interobserver variability in recordings of peak 
velocities across aortic valve prostheses was assessed 
(Rossvoll, unpublished data). With independent analy- 
sis of the same recordings, the coefficient of variation 
was 4%; with both recording and analysis done indepen- 
dently, the coefficient of variation was 7%. 

Statistical analysis: All values are expressed as 
mean + standard deviation. Paired data were compared 
using a 2-tailed paired 1 test. The 95% confidence inter- 
val for a difference is presented, and when this did not 
include 0, statistical significance was considered. Linear 
regression analysis was used comparing the change in 
uncorrected (total) with the change in corrected (net) 
gradients between the 2 examinations. 


RESULTS 

Table I summarizes the data at baseline compared 
with the findings 3 to 5 months later. A minor but 
statistically significant decrease in both the peak and 
the mean pressure decrease was found. There was a 
marked decrease in heart rate and an increase in left 
ventricular ejection time index between the examina- 
tions. In patients with bioprostheses, a statistically sig- 
nificant decrease in pressure decrease was found, in 
contrast to the group with mechanical valves (Table 
II). Table II also lists the pressure decrease related to 
prosthesis size. In small valves (<23 mm) there was a 
statistically significant decrease in pressure decrease not 
found in larger prostheses. 

Figure 1 shows the individual variation in pressure 
decrease. The change in mean pressure decrease from 
baseline to the examination 3 to 5 months later was 
within +5 mm Hg in 107 patients (82%). In only 4 
patients (3%) did the change in mean pressure decrease 
exceed +10 mm Hg. Among the 24 patients with a 
change in mean pressure decrease >+5 mm Hg, the 
direction of the change in 17 was toward a lower pres- 
sure decrease. Only 7 patients (5%) showed an increase 
of >5 mm Hg in mean pressure decrease. The changes 
in peak pressure decrease were highly correlated to the 
changes in mean pressure decrease (r = 0.96). In abso- 
lute values, however, the changes in peak pressure de- 
crease were greater (Figure 1). 

Between 3 to 5 and 12 to 18 months, there was a 
further decrease in heart rate and an increase in left 
ventricular ejection time index (Table III). Pressure de- 
crease also tended toward a further decrease; however, 
the change was not statistically significant for the mean 


pressure decrease. Figure 2 shows a close correlation 
between the changes in total gradients and the changes 
in gradients corrected for subvalvular velocities between 
the 2 examinations. 

Pathologic obstructions: In 2 patients with throm- 
botic obstruction of a mechanical valve confirmed by 
surgery or autopsy, the mean gradient exceeded the 
mean value for normally functioning valves by >6 stan- 
dard deviations and the increase from baseline for each 
was 31 and 56 mm Hg. In 2 patients who underwent 
reoperation for a stenotic bioprosthesis, a mean gradi- 
ent of 68 and 78 mm Hg was recorded for each. 


DISCUSSION 

Hemodynamic state: The markedly different hemo- 
dynamic state at baseline is demonstrated by the in- 
creased heart rate and the decreased left ventricular 
ejection time index. A shortening of the left ventricular 
ejection time early after aortic valve replacement is 
mainly thought to be caused by a more rapid rate of 
shortening of the ventricular muscle as the afterload is 
substantially reduced, especially in the case of aortic 
stenosis, !3-!5 

Theoretically, the altered hemodynamic state early 
postoperatively could by different mechanisms influ- 
ence the pressure decrease across aortic valve prostheses 
in either direction. With increase in heart rate, diastolic 
filling and stroke volume will decrease, resulting in a 
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FIGURE 1. Individual variation in the peak and the mean pres- 
sure decrease from baseline to the second recording. 


reduced pressure decrease. However, for the same 
stroke volume, a decreased ejection time would result in 
an increased mean pressure decrease. These consider- 
ations are in accordance with the results of Thormann 
et al,'® where patients with aortic valve prostheses were 
examined at different hemodynamic states induced ex- 
perimentally. During pacing at increasing heart rates, 
the gradient across the prostheses decreased. During 
isoproterenol infusion, stroke volume increased and sys- 
tolic ejection period per beat decreased, with a consid- 
erable increase in gradient. 

Individual variation: For the group as a whole, the 
differences in pressure decreases from baseline to the 
recording at 3 to 5 months were small, with narrow 
confidence intervals, and considered to be without clini- 


TABLE Ill Baseline Data Compared with Repeat Measurements at Three to Five and 12 to 18 Months (n=71) 


Baseline 95% Cl 


27+8 
1545 
89414 
369 + 20 


Peak (mm Hg) 


Mean (mm Hg) 
HR (beats/min) 
LVETI 


Abbreviations as in Table |. 


n=41 

=0.97 
p<0.001 
y=0.95x+0.78 
SEE=1.44 
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FIGURE 2. Changes in total peak (A) and total mean (B) pressure decrease versus changes in net (corrected for prevalvular ve- 
locities) pressure decrease from baseline to the second examination. 
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cal significance (Table I). The individual variation in 
mean pressure decrease was within +5 mm Hg in 82% 
of the patients (Figure 1), indicating that the pressure 
decrease obtained at a hemodynamically more stable 
state shows no or only minor deviation from baseline in 
the majority of cases. Among patients where the mean 
pressure decrease differed by >+5 mm Hg from base- 
line, the direction of change was mostly toward lower 
gradients with time. This suggests that in patients with 
normally functioning aortic valve prostheses, a signifi- 
cant increase in pressure decrease from baseline is rath- 
er uncommon. The largest increase in mean pressure 
decrease was from 10 to 22 mm Hg in a patient with 
atrial fibrillation and a ventricular rate of 101 beats/ 
min at baseline, and sinus rhythm with a heart rate of 
48 beats/min at the second examination. This illus- 
trates that the pressure decrease across normally func- 
tioning aortic valve prostheses may occasionally vary 
considerably when the hemodynamic state is markedly 
changed. In the presence of a significant increase in 
pressure decrease, a careful search for valvular and 
paravalvular leaks as well as an accurate assessment of 
left ventricular outflow tract velocities is mandatory. If 
the increased pressure decrease cannot be explained by 
changes in stroke volume due to a slower heart rate or 
significant leaks, an abnormal obstruction of the pros- 
thesis should be suspected. 

Valve type and size: The pressure decrease obtained 
at baseline was more representative for later findings in 
mechanical valves than for bioprostheses and in larger 
than smaller prostheses (Table II). The difference 
found according to valve size could be explained by a 
smaller orifice area causing more change in pressure 
decrease with changes in flow. The difference noted ac- 
cording to valve type could indicate that in bioprosth- 
eses a slight decrease in resistance to flow may occur 
during the first months after implantation. These find- 
ings are in accordance with an in vitro durability study 
of bioprosthetic valves performed by Schuster and 
Wagner.!7 They reported a decrease in the transprosth- 
etic peak velocity with time due to an increase in flow 
area. 

Corrected versus uncorrected gradients: As the 
pressure decrease obtained by continuous-wave Doppler 
is influenced by prevalvular velocities, the obstruction is 
most correctly assessed by the net gradient across the 
prosthesis.!! However, the very close correlation in dif- 
ferences between the uncorrected and corrected gradi- 
ents (Figure 2) suggests that in the follow-up of pa- 
tients, the changes found in gradient will be similar 
whether the total (uncorrected) or the net (corrected) 
gradient is used, as long as the changes are due to 
changes in flow. In the presence of abnormal obstruc- 
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tion, however, this relation is likely to change, and the 
ratio of the subvalvular to the valvular velocities may 
prove to be an even more useful parameter in the fol- 
low-up of patients with aortic valve prostheses.? In clini- 
cal practice, therefore, we would recommend that sub- 
valvular velocities always be recorded. 

Clinical implications: Although the hemodynamic 
state is markedly different from early after aortic valve 
replacement to follow-up, the pressure decrease ob- 
tained across aortic valve prostheses at an early postop- 
erative recording is representative as a reference for lat- 
er comparison. A practical recommendation based on 
our findings is that patients undergoing aortic valve re- 
placement should routinely be examined by Doppler ul- 
trasound before hospital discharge. 
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CONGENITAL HEART DISEASE 


Ventricular Late Potentials and Induced 
Ventricular Arrhythmias After Surgical 
Repair of Tetralogy of Fallot 


Marc Zimmermann, MD, Beat Friedli, MD, Richard Adamec, MD, and Ingrid Oberhansli, MD 


Ventricular tachycardia (VT) and sudden death 
are rare but recognized complications after sur- 
gical repair of tetralogy of Fallot. We prospec- 
tively studied 31 patients (19 boys and 12 girls, 
mean age + standard deviation 7 + 4 years) with 
postoperative tetralogy of Fallot, by means of 
right-sided cardiac catheterization, 24-hour 
Holter monitoring, body-surface and intracavita- 
ry signal-averaging (gain 105 to 106, filters of 
100 and 300 Hz) and programmed ventricular 
stimulation (1 and 2 extrastimuli, 3 basic cycle 
lengths, right ventricular apex and outflow 
tract). All patients were asymptomatic and none 
had documented or suspected ventricular ar- 
rhythmias. Ventricular late potentials were de- 
tected in 10 of 31 patients (32%) and spontane- 
ous ventricular arrhythmias in 12 of 31 patients 
(39%). No sustained VT was induced by pro- 
grammed ventricular stimulation but nonsus- 
tained VT was induced in 3 patients (10%). Pa- 
tients with inducible VT more often had late po- 
tentials (3 of 3 vs 7 of 28, p <0.01), and 
spontaneous ventricular premature complexes 
(VPCs) during Holter monitoring (3 of 3 vs 9 of 
28, p <0.05). To predict VT inducibility, late po- 
tentials had a sensitivity of 100%, a specificity 
of 75%, a positive predictive value of 30% and a 
negative predictive value of 100%. For sponta- 
neous VPCs, the figures were 100, 68, 25 and 
100%, respectively. It is concluded that shortly 
after repair of tetralogy of Fallot, the presence of 
both spontaneous VPCs and ventricular late po- 
tentials are associated with an increased inci- 
dence of inducible VT. Conversely, the absence 
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of VPCs and ventricular late potentials may iden- 
tify patients at low risk of subsequent ventricular 


arrhythmias. 

(Am J Cardiol 1991;67:873-878) 
| plication after surgical repair of tetralogy of 
Fallot.!-5 The causes of death are either ad- 
vanced conduction disturbances!3° or ventricular ar- 
rhythmias. "7-10 Electrocardiography at rest,™!! exercise 
testing+!?!3 and Holter monitoring!?!4!5 have been 
recommended to identify patients at risk of sudden 
death, but the true prognostic value of these tests is 
uncertain.'© Fractionated electrograms at multiple sites 
in the right ventricle!” and body surface or intracavita- 
ry late potentials,'® or both, have been described recent- 
ly in postoperative tetralogy of Fallot; these abnormali- 
ties may represent delayed activation of some areas of 
the ventricular myocardium, providing the necessary 
substrate for reentrant arrhythmias.'?~'? The value of 
programmed ventricular stimulation for identifying pa- 
tients at risk of sustained ventricular tachycardia (VT) 
or sudden death has been established in adults with cor- 
onary artery disease,*’?! but remains controver- 
sial in patients with postoperative tetralogy of Fal- 
lot.°8°.19.22.23 The purpose of this study was to analyze 
prospectively (1) the results of programmed ventricular 
stimulation in nonselected patients early after surgi- 
cal repair of tetralogy of Fallot; and (2) the relation 
between inducible VT and the presence of late poten- 
tials or spontaneous ventricular premature complexes 

(VPCs), or both. 


ate sudden death is a rare but recognized com- 


METHODS 

Patients: From September 1986 to May 1988, we 
prospectively studied 31 unselected consecutive patients 
with tetralogy of Fallot after surgical repair. There 
were 19 boys and 12 girls (mean age + standard devi- 
ation 7 + 4 years, range | to 15). Intracardiac re- 
pair was performed a mean of 5 months (range 2 to 
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38) before the present investigation. All patients were 
asymptomatic and none had documented or suspected 
VT before the study. 

Body surface and intracavitary signal-averaging: 
Recordings were performed using a very high-gain av- 
eraging system developed at our institution.'* The sig- 
nal is amplified 10° to 10° times; band-pass filters are 
set at 100 and 300 Hz (12 dB/octave); the averaging 
process is performed on 40 consecutive cardiac cycles 
(end point = residual noise level <0.5 uV). The signal- 
averaged recording (1 to 2 «V/cm) is plotted on paper 
(recording speed 1,000 mm/s) together with a refer- 
ence electrocardiogram (200 uV /cm). Quantitative as- 
sessment includes: (1) tetal filtered QRS duration (in 
ms); and (2) measurement of the interval between end 
of QRS and the point (determined retrogradely) when 
QRS voltage reaches 40 uV (1-40, in ms). End of QRS 
complex is defined as the point when QRS voltage ex- 
ceeds twice the value of the baseline noise. Body 
surface recordings were obtained from 2 bipolar 
chest leads (between V> and V4, and V4 and V6) us- 
ing standard silver-chloride electrodes. Recordings were 
performed at the bedside in a nonshielded room. Intra- 
cardiac recordings were obtained from the distal part of 
electrodes of a quadripolar conventional USCI elec- 
trode catheter; recordings were performed at 2 right 
ventricular sites (apex and outflow tract). For each 
electrode position, 23 signal-averaged recordings were 
obtained to confirm the reproducibility of any abnor- 
mal signal detected. 

Electrophysiologic study: Electrophysiologic evalua- 
tion was performed during postoperative cardiac cathe- 
terization. At the time of the study, no patient was re- 
ceiving antiarrhythmic therapy. Premedication (2 ml 
solution containing pethidin 50 mg, chlorpromazine 
12.5 mg, promethazine 12.5 mg; 0.1 mg/kg body 
weight, maximum 2 ml) was administered to each pa- 
tient 60 minutes before beginning of cardiac catheter- 
ization. Bipolar intracardiac electrograms were record- 
ed on a multichannel oscillographic recorder (Electron- 
ics for Medicine VR-16) and on an ink-jet recorder 
(Mingograph 82, Siemens), together with 3 surface 
electrocardiographic leads (I, II and V1). Right ventric- 
ular apical activation time was obtained in all cases to 
differentiate proximal from distal right bundle branch 
block.® The programmed ventricular stimulation proto- 
col included (1) single and double premature ventricu- 

. lar stimuli during normal sinus rhythm and during 2 or 
3 ventricular paced rhythm (600, 500 and 400 ms); (2) 
rapid ventricular pacing (minimal cycle length 200 ms); 
and (3) application of the stimulation protocol both at 
the right ventricular apex and outflow tract. We did not 
use 3 or 4 extrastimuli in order to preserve specificity in 
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asymptomatic patients without documented or suspect- 
ed VT. The stimuli were 1-ms rectangular pulses, deliv- 
ered at twice diastolic threshold using a programma- 
ble stimulator (Biotronik universal heart stimulator 
UHS20). The study design was approved by our Ethics 
Committee of the Department of Pediatrics. 

Ambulatory electrocardiographic recording: Twen- 
ty-four-hour ambulatory electrocardiographic monitor- 
ing was performed in all patients using a 2-channel tape 
recorder (Del Mar Avionics, model 447) with 2 bipolar 
chest leads. Tapes were analyzed at 120 times real 
time using on Avionics Trendsetter II (model 9000A) 
and the results were manually controlled with samples 
of electrocardiographic tracings at 25 mm/s when nec- 
essary. 

Definitions: VENTRICULAR LATE POTENTIALS: abnor- 
mal, low-amplitude (<40 uV), high-frequency signals 
appearing at the end of the QRS complex. Late poten- 
tials were considered present if the total filtered QRS 
duration was >140 ms in the presence of right bundle 
branch block and if the interval between the end of 
QRS and the voltage 40 uV (I-40) was >50 ms. 

FRAGMENTED ELECTROGRAMS: electrograms with mul- 
tiple, high-frequency components lasting >60 ms.'7!8 

SUSTAINED VENTRICULAR TACHYCARDIA: VTs lasting 
>30 seconds or requiring direct-current shock because 
of hemodynamic compromise. 

NONSUSTAINED VENTRICULAR TACHYCARDIA: 23 con- 
secutive VPCs at a rate of >100 beats/min, but self- 
terminating within 30 seconds.° 

Statistical analysis: Numerical data were compared 
using Student’s ¢ test for unpaired data. Categorical 
data were compared using chi-square analysis. A p val- 
ue <0.05 was considered statistically significant. Values 
are expressed as mean + standard deviation. 


RESULTS 

Signal-averaging: Ventricular late potentials were 
present in 10 patients (32%) (Figures 1 and 2). They 
were detected from the body surface in 5 (16%), by 
intracardiac recording in the right ventricular apex in 6 
(19%), and by intracardiac recording in the right ven- 
tricular outflow tract in 6 (19%). Concordance between 
body surface and intracavitary recordings is shown in 
Figure 3: in | case late potentials were detected only by 
body surface recording and in 5 cases only by intracavi- 
tary recording. In 4 of 5 patients with body surface 
negative but intracavitary positive results, the total in- 
tracavitary QRS duration including late potentials was 
shorter than the total filtered QRS duration on the 
body surface. Patients with late potentials were older, 
had longer filtered QRS duration, and more often had 
inducible VT at programmed ventricular stimulation 
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(Table I) than did those without them. To predict the patients (10%), and 1 or 2 ventricular repetitive re- 
presence of inducible VT, late potentials had a sensitiv- sponses were observed in 16 additional patients (52%). 
ity of 100%, a specificity of 75%, a positive predictive Nonsustained VT was always induced by application of 
value of 30% and a negative predictive value of 100% double extrastimuli (S2, S3) on a driven cycle length 
(overall accuracy 77%). <500 ms, at the right ventricular apex (Figure 4). Pa- 

Programmed ventricular stimulation: In this group tients with inducible VT more often had intracavitary 
of asymptomatic patients, no sustained VT was in- late potentials or fractionated local electrograms, and 
duced. Nonsustained polymorphic VT (duration 1 to 7 more often had VPCs during Holter monitoring (Table 
seconds, cycle length 140 to 220 ms) was induced in 3 II) than did those without them. 


bip. V2-V4 
























FIGURE 1. Body surface signal-averaging in a 6-year-old child with postoperative tetralogy of Fallot. Three high-gain (2 V/cm) 
signal-averaged recordings of 40 consecutive cardiac cycles are displayed together with a reference electrocardiogram (200 ,,V/ 
cm). Bipolar (bip.) chest lead between V2 and V4; recording speed 1,000 mm/s; filters 100 and 300 Hz. No ventricular late po- 
tentials are seen in this patient. Total filtered QRS duration is 129 ms and I-40 is 31 ms. 
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FIGURE 2. Body surface signal-averaging in a 15-year-old child with postoperative tetralogy of Fallot. Three successive high- 
gain (2 u.V/cm) signal-averaged recordings are displayed together with a reference electrocardiogram (200 V/cm). Bipolar 
(bip.) chest lead between V2 and V4; recording speed 1,000 mm/s; filters 100 and 300 Hz. Ventricular late potentials are 
present (arrows) in this patient. Total filtered QRS duration is 178 ms and I-40 is 90 ms. 
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FIGURE 3. Concordance between body surface and intracavi- 
tary signal-averaged recordings for the detection of ventricu- 
lar late potentials (VLP). RV = right ventricular. See text for 
details. 


Electrocardiographic data: On routine | 2-lead elec- 
trocardiogram, right bundle branch block was found in 
30 of 31 patients (97%) and left-axis deviation in 2 
patients. During 24-hour Holter monitoring, 12 pa- 
tients (39%) had ventricular arrhythmias: 9 had infre- 
quent single uniform VPCs, 2 had infrequent multi- 
form VPCs, and | had a single episode of nonsustained 
VT. Patients with VPCs during Holter monitoring 
more often had fractionated local electrograms and 
inducible VT at programmed ventricular stimulation 
(Table III) than did those without them. To predict the 
induction of nonsustained VT, the presence of VPCs 
during Holter monitoring had a sensitivity of 100%, a 
specificity of 68%, a positive predictive value of 25% 
and a negative predictive value of 100% (overall accu- 
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TABLE I Characteristics of Patients With and Without 
Ventricular Late Potentials 


No Late 
Potentials 
(n=21) 


Late Potentials 
(n=10) 


9.7437 
3045 

2/10 

6/10 


5.94+3.8* 

32414 
2/21 
7/21 


Mean age (years) 
Q-RV apex (ms) 
Fractionated RV apical electrogram 
Fractionated RVOT electrogram 
Signal-averaged parameters 
Total QRS in the RV apex (ms) 
Total QRS in the RVOT (ms) 
Total QRS (body surface) (ms) 
Inducible VT 
VPCs during Holter monitoring 
complex VPCs 
RV systolic pressure (mm Hg) 
RV-PA pressure gradient (mm Hg) 


1254171 
135 + 24* 
129 + 18t 
0/211 
6/21 
2/21 
48 + 20 
18420 


151423 
156419 
152+6 
3/10 
6/10 
1/10 

41+10 

17+9 
* p <0.05;' p <0.01. 


OT = outflow tract; PA = pulmonary artery; RV = right ventricular; VPC = ventricu- 
lar premature complexes; VT = ventricular tachycardia. 


racy 71%). When the results of Holter monitoring 
(presence of VPCs) were combined with those of sig- 
nal-averaging (presence of late potentials), sensitivity 
remained 100%, specificity increased to 89%, positive 
predictive value increased to 50% and negative predic- 
tive value remained 100% (overall accuracy 90%). 


DISCUSSION 

Signal-averaging: Late potentials represent delayed 
activation of small areas of damaged myocardium, and 
hence the marker for reentrant ventricular arrhyth- 
mias.24-26 In the present study, late potentials were de- 
tected in 32% of asymptomatic patients after surgical 
repair of tetralogy of Fallot, and their presence was as- 
sociated with inducible VT during electrophysiologic 
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FIGURE 4. Result of programmed ventricular stimulation in an asymptomatic 7-year-old child with postoperative tetralogy of 
Fallot. The panels are organized from top to bottom with time lines, electrocardiographic leads I, Il, V; and V2 intracardiac re- 
ventricular tachycardia 


cordings from the right ventricular apex. Very rapid (cycle length 140 ms) polymorphic 


was induced by 


double extrastimulation ($2, $3) during a paced rhythm (cycle length 380 ms), at the right ventricular apex. This arrhythmia 


was self-terminating after 7 seconds. 
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Inducible Ventricular Tachycardia 


No Inducible VT 
(n = 28) 


Inducible VT 
(n= 3) 


6.9442 
32413 
2/28 

10/28 
7/28 

129+ 18 
40+12 

139+ 22 
40413 

1354 18 
41414 
9/28 
2/28 
41+10 
179 


9.3+3.2 
2843 
2/3* 
3/3" 
3/3* 
171 +30* 
56 + 22 
170+ 291 
61+6* 
15549 
42417 
3/3" 
1/3 

48 +20 
1820 


Mean age (years) 
Q-RV apex (ms) 
Fractionated RV apical electrogram 
Fractionated RVOT electrogram 
Ventricular late potentials 
Total QRS in the RV apex (ms) 
1-40 in the RV apex (ms) 
Total QRS in the RVOT (ms) 
1-40 in the RVOT (ms) 
Total QRS (body surface) (ms) 
1-40 on the body surface (ms) 
VPCs during Holter monitoring 
complex VPCs 
RV systolic pressure (mm Hg) 
RV-PA pressure gradient (mm Hg) 


* p <0.01; ' p <0.05. 
Abbreviations as in Table I. 


testing. These results confirm that late potentials and 
inducible VT both interrogate the substrate for reen- 
trant ventricular arrhythmias. The right bundle branch 
block, almost constantly present after surgical repair of 
tetralogy of Fallot, has systematic effects on the signal- 
averaged parameters’: Adjustment of definition crite- 
ria is mandatory? and has been made in our study. 
However, no consensus exists regarding the normal val- 
ues for the signal-averaged recording in the presence of 
right bundle branch block, especially if different meth- 
ods are used. In this study, some isolated cases had late 
potentials detectable only by intracavitary signal-aver- 
aging. These false-negative body surface results are 
probably due to the prolongation of the QRS complex 
induced by complete right bundle branch block, which 
may mask late potentials of short duration.'® No rela- 
tion was found between late potentials and spontaneous 
VPCs during 24-hour Holter monitoring. Similar re- 
sults have previously been published,'* and suggest that 
signal-averaging and Holter monitoring both interro- 
gate different aspects of the arrhythmia, namely the 
substrate (signal-averaging) and the trigger (Holter re- 
cording). To predict the presence of inducible VT, the 
association of spontaneous VPCs during Holter moni- 
toring and late potentials had a sensitivity of 100%, a 
specificity of 89%, a positive predictive value of 50% 
and a negative predictive value of 100% (overall accu- 
racy 90%). Thus, these 2 tests may be used to stratify 
the risk of serious ventricular arrhythmias after surgical 
repair of tetralogy of Fallot, and to select cases for inva- 
sive electrophysiologic study. 

Programmed ventricular stimulation: Several stud- 
ies have suggested that VT after repair of tetralogy 
of Fallot are caused by reentry at the site of the 
previous surgical scar in the right ventricular outflow 





TABLE Ill Characteristics of Patients With and Without 
Ventricular Arrhythmias During 24-Hour Holter Monitoring 


VPCs 
(n= 12) 


7.9435 
31411 
4/12 
8/12 
6/12 
140 + 25 
47414 
151427 
4746 
144418 
43415 
3/12 
43413 
17212 


No VPCs 
(n=19) 


6.6 + 4.6 
32413 
0/19* 
5/19t 
4/19 
129 +21 
37 +12t 
136421 
39412 
132418 
39 +13 
0/19t 
4149 
1847 


Mean age (years) 
Q-RV apex (ms) 
Fractionated RV apical electrogram 
Fractionated RVOT electrogram 
Ventricular late potentials 
Total QRS in the RV apex (ms) 
1-40 in the RV apex (ms) 
Total QRS in the RVOT (ms) 
l-40 in the RVOT (ms) 
Total QRS (body-surface) (ms) 
|-40 on the body-surface (ms) 
Inducible VT 
RV systolic pressure (mm Hg) 
RV-PA pressure gradient (mm Hg) 


* p <0.01; t p <0.05. 
Abbreviations as in Tables | and IL. 


tract.'92.23 Programmed ventricular stimulation has 
been recommended to reproduce clinical arrhythmias 
and to select effective antiarrhythmic therapy in symp- 
tomatic patients.?? However, only few data are avail- 
able regarding the use of programmed ventricular stim- 
ulation in asymptomatic patients after corrective sur- 
gery for tetralogy of Fallot. In the present prospective 
study, conducted early after surgical repair in asymp- 
tomatic patients, VT was induced in 10% of the cases. 
This incidence of inducible VT is comparable to the one 
reported recently by Chandar et al? in a large group of 
patients: In that study, inducible VT was present in 9% 
of asymptomatic patients (23 of 270) and in 45% of 
patients who had syncope or presyncope (24 of 53). 
However, several differences exist between our study 
and the one of Chandar et al: (1) We present a pro- 
spective study, whereas the study of Chandar was ret- 
rospective. (2) The stimulation protocol was uniform in 
our patients, whereas it varied among different centers 
in Chandar’s report. (3) Only nonsustained VTs were 
observed in our study group, whereas half of the induci- 
ble VTs in Chandar’s report were sustained. This dis- 
crepancy may be explained by an older age at the time 
of surgery, by a longer time interval between operation 
and the electrophysiologic study, and by the selection of 
patients. (4) Induced nonsustained VTs were polymor- 
phic in our study, whereas most of them were mono- 
morphic in Chandar’s report. This difference may be 
related to the stimulation protocol rather than to the 
substrate itself.°?° Although the use of programmed 
electrical stimulation for identifying patients at risk of 
sudden death has been established in adults with coro- 
nary artery disease,”°?! the value of this approach in 
patients with tetralogy of Fallot after repair has not 
been established.>:!9.222329 In fact, in Chandar’s re- 
port,> none of the 5 patients who died suddenly during 
follow-up had inducible VT during electrophysiologic 
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study. This lack of correlation between inducible VT 
and sudden death may be related to the stimulation 
protocol or to the various types of induced ventricular 


arrhythmia. Although Deal et al’? suggested that poly- 


morphic VT may be the harbinger of sudden death in 
postoperative congenital heart disease, no data support 
such a conclusion and, at least in adults, induced non- 
sustained polymorphic VTs are considered as a non- 
specific response to aggressive stimulation protocols.” 
Therefore, further prospective studies are needed to as- 
sess the exact prognostic significance of inducible non- 
sustained VT in postoperative tetralogy of Fallot. 

Relation between inducible ventricular tachycardia 
and spontaneous ventricular premature complexes: In 
our study, a relation was found between the presence of 
inducible VT during electrophysiologic study and the 
presence of spontaneous VPCs during 24-hour Holter 
monitoring. Conversely, no VT was inducible in asymp- 
tomatic patients with a normal 24-hour Holter record- 
ing. Similar results have been observed by others,5 and 
it appears that the absence of VPCs during Holter 
monitoring may be considered as a marker for the pa- 
tient at low risk of subsequent serious ventricular ar- 
rhythmias. 

Hemodynamic postoperative status: Our data do 
not confirm any relation between inducible VT and 
the postoperative hemodynamic status; no relation was 
found between the presence of late potentials or sponta- 
neous VPCs during Holter monitoring and an elevated 
right ventricular systolic pressure. However, only 2 pa- 
tients in our study had right ventricular systolic pres- 
sure >60 mm Hg. 

Study limitations: The stimulation protocol included 
only 2 extrastimuli. Application of 3 or 4 extrastimuli 
may have increased the frequency of induced VT. The 
definition of nonsustained VT used in this study is quite 
sensitive and the exact prognostic significance of in- 
duced nonsustained polymorphic VT is unknown. 
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Thirty-eight women with Takayasu arteritis 
were studied using thallium-201 stress myocar- 
dial scintigraphy to assess the prevalence and 
pathophysiology of the perfusion abnormality. 
Twenty (53%) had abnormal scintigraphic find- 
ings (group A). Abnormal scans were divided 
into 3 groups: permanent defects in 6, reversible 
defects in 7 and slow washout in 7. The remain- 
ing 18 patients had normal scintigrams (group 
N). Group A had a tendency to be older and to 
have a high prevalence of complicated significant 
aortic regurgitation. Interventricular thickness 
plus left ventricular posterior wall thickness (26 
+ 7 vs 17 + 2 mm, p <0.01) and left ventricular 
mass (267 + 121 vs 133 + 39 g, p <0.01) were 
all greater in group A on echocardiography. The 
mean value of the central aortic pressure in sys- 
tole was 170 + 15 mm Hg in the 7 catheterized 
patients in group A. Coronary ostial stenoses 
were present in 2 group A patients who showed 
reversible defects on scintigrams. These data in- 
dicate that the abnormal perfusion detected by 
imaging in patients with Takayasu arteritis was 
responsible for a decrease in coronary reserve or 
myocardial damage, or both, due to long-stand- 
ing systemic hypertension or aortic regurgita- 
tion. Coronary artery disease should be consid- 
ered if a reversible defect is present. 
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akayasu arteritis is a nonspecific vasculitis that 
affects the aorta and its major branches, includ- 
ing coronary and pulmonary arteries.! Epidemi- 
ologic studies show that Takayasu arteritis is frequent 
in Asia and South America. This finding leads to the 
speculation that genetic or racial factors may be in- 
volved in Takayasu arteritis.2~4 In patients with Ta- 
kayasu arteritis, congestive heart failure or lethal ar- 
thythmias and sudden death are the most frequent 
causes of death. !-5 
It has recently been reported that, in addition to cor- 
onary artery disease, several other heart diseases may 
result in thallium perfusion abnormalities. Several in- 
vestigations have been conducted on cardiac involve- 
ment in Takayasu arteritis by using cardiac catheter- 
ization or echocardiography.®* Our objective was to in- 
vestigate the myocardium of patients with Takayasu 
arteritis using thallium-201 stress scintigraphy. 


METHODS 

Patients: Thirty-eight women ranging in age from 
24 to 72 years comprised the group with Takayasu ar- 
teritis. In all patients, the diagnosis of Takayasu arteri- 
tis was established by clinical and angiographic data.’ 
Patients continued to receive their usual medical treat- 
ment throughout the study. 

Thallium-201 imaging: Thirty-eight patients under- 
went thallium-201 stress myocardial scintigraphy. !%!! 
Of these, 27 exercised on an upright bicycle ergometer. 
The remaining 11 older or “pulseless” patients received 
an infusion of dipyridamole. 

EXERCISE: Exercise testing was performed with a 
multistage bicycle ergometer using the symptom-limit- 
ed method. The work load, which began at 25 W, was 
increased by 25 W every 3 minutes. Exercise continued 
for 1 minute after the intravenous injection of 111 
MBq of thallium-201 at the end point. Exercise was 
discontinued when patients developed angina, ischemic 
ST depression on the electrocardiogram, serious ar- 
thythmia, dyspnea or leg fatigue. The 12-lead electro- 
cardiogram was monitored during exercise and blood 
pressure recorded every 3 minutes. 
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DIPYRIDAMOLE: After the intravenous infusion of di- 
pyridamole (0.568 mg/kg) for 4 minutes, patients re- 
ceived an intravenous injection of 111 MBq of thalli- 
um-201. The electrocardiogram and blood pressure 
were monitored as during the previous exercise testing. 

THALLIUM-201 EMISSION COMPUTED TOMOGRAPHY: ÂC- 
quisition of thallium images was begun immediately af- 
ter exercise or 9 minutes after the dipyridamole infu- 
sion. Patients were imaged using a rotational gamma 
camera (Hitachi RC150DT) equipped with a low-ener- 
gy, all-purpose parallel hole collimator. A total of 32 
projections were obtained for 30 seconds in a 180° arc 
extending from the 45° right anterior oblique to the left 
posterior oblique projection. A 20% energy window was 
centered on the 80-keV x-ray peak. All projections 
were stored on a magnetic disk using a 64 X 64, 16-bit 
computer matrix. 

After correction for nonuniformity and center of ro- 
tation, contiguous transaxial tomograms encompassing 
the entire heart were reconstructed after filtered back 
projection with a Chesler filter. Then, using the left 
ventricular long axis as a reference, the images were 
constructed into short-axis, horizontal long-axis and 
vertical long-axis tomograms (oblique images). Delayed 
images were acquired and constructed in the same pro- 
jections 3 hours later. Both during stress and at redistri- 
bution, each short-axis cut was divided into 60 seg- 
ments of 60 equidistant radii. Maximal count circum- 
ferential profiles for each cut were then generated from 
the apical to the basal cut. The values were then nor- 
malized to the highest value found in each slice and 
expressed as a circumferential profile curve to represent 
myocardial thallium distribution. Similarly, the thalli- 
um washout rate of each myocardial segment of the 
entire left ventricle was calculated and plotted as the 
washout rate curve: washout rate = (initial count-de- 
layed count/initial count) X 100. Permanent and re- 
versible defects were distinguished by evaluation of 
both visual inspection and the quantification of the cir- 
cumferential profiles. Slow washout was defined as fall- 
ing below the lower limit of normal without any defects 
on stress. Tomographic images were interpreted by 
consensus of 2 observers who had no knowledge of the 
clinical findings. 

Scalar (12-lead) electrocardiography: Supine, rest- 
ing 12-lead electrocardiograms were examined in the 
38 patients on the day of scintigraphy. Electrocardio- 
graphic left ventricular hypertrophy was defined by the 
Romhilt-Estes criteria. Myocardial ischemia was de- 
fined as >0.1 mV of ST depression in Vs or V6. 

Echocardiographic studies: Echocardiographic data 
were obtained from a commercially available imaging 
system with Doppler capability (Toshiba SSH-160A 
equipped with a 2.5- or 3.75-MHz transducer). Two- 
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dimensional images oriented the ultrasonic beam for 
the best M-mode recordings of the left ventricles. Mea- 
surements of left ventricular end-diastolic and end-sys- 
tolic dimensions, and wall thickness (interventricular 
septal thickness + left ventricular posterior wall thick- 
ness) were performed from M-mode echocardiograms. 
Technically adequate recordings were obtained in 33 of 
the 38 patients (87%). Left ventricular mass was ob- 
tained using the formula of Devereux et al.'? The sever- 
ity of aortic regurgitation was assessed by the flow 
mapping technique on conventional pulsed and color 
Doppler echocardiography. 

Cardiac catheterization: Cardiac catheterization 
and coronary cineangiography were performed in 9 pa- 
tients using standard techniques. 

Statistical analysis: Data were compared using 
Fisher’s exact test or the unpaired ¢ test. Statistical sig- 
nificance refers to a p value <0.05. 


RESULTS 

Thallium-201 emission computed tomography: 
Scintigraphic abnormalities were identified in 20 of the 
38 patients (53%) with Takayasu arteritis. Permanent 
defects were observed in 6 patients (Figure 1), revers- 
ible defects in 7 (Figure 2) and slow washout in 7. The 
differences between patients with perfusion abnormali- 
ties (group A) and those with normal scintigrams 
(group N) were then compared. 

Comparison of group A versus B (Table I): Ace: The 
mean age of group A was 48 + 13 (mean + standard 
deviation) years and that of group N was 41 + 8 years. 
Group A tended to be older but not to a statistically 
significant extent. There was no significant difference in 
body surface area between the 2 groups. 

ELECTROCARDIOGRAMS: Left ventricular hypertrophy 
or ischemic ST depression was evident in 13 group A 
(65%) and in 2 group B (11%) patients. Electrocardio- 
graphic abnormalities were significantly more frequent 
in group A than in group N (p <0.01). 

M-MODE ECHOCARDIOGRAPHIC DATA: Wall thickness 
(26 + 7 vs 17 + 2 mn, p <0.01) and left ventricular 
mass (267 + 121 vs 133 + 39 g, p <0.01) were signifi- 
cantly greater in group A than in group N (Figure 3). 
These echocardiographic data suggest that the group A 
patients had left ventricular hypertrophy with normal 
contractility. 

PRESENCE OF AORTIC REGURGITATION: Eight of the 20 
group A patients (40%) had significant aortic regurgi- 
tation, whereas only 3 of the 18 group N patients 
(17%) had this complication. However, the difference 
was not statistically significant. 

PRESSURE OF THE ASCENDING AORTA (CENTRAL AORTIC 
PRESSURE); Cardiac catheterization was conducted in 7 
group A patients, 5 of whom had significant aortic re- 





gurgitation. The mean value of the central aortic pres- 
sure in group A was 170 + 15 mm Hg in systole and 
60 + 13 mm Hg in diastole. 

CORONARY ARTERY LESIONS: We were able to examine 
coronary artery stenoses in 8 group A and 2 group N 
patients. This lesion was diagnosed in 2 group A pa- 
tients at autopsy. Significant stenoses were present in 
only 2 of the subjects in group A. One, a 72-year-old 
woman, had a 99% diameter stenosis of the right coro- 





FIGURE 1. Stress (left) and redistribution (right) images ob- 
tained in a 48-year-old woman with normal coronary arteries. 
The short-axis images and the circumferential profile curves 
(bottom) obviously demonstrated a permanent defect in the 
anteroseptal wall. 





FIGURE 2. Stress (left) and redistribution (right) images ob- 
tained in a 72-year-old woman with a 99% diameter stenosis 
of the right coronary ostium. The short-axis images and the 
circumferential profile curves (bottom) show a typical revers- 
ible defect in the inferoposterior wall. 


nary ostium and a 75% diameter stenosis of the left 
anterior descending artery. The other, a 53-year-old 
woman, had a 99% diameter stenosis of the right coro- 
nary ostium. These ostial stenoses were thought to re- 
flect the coronary involvement of Takayasu arteritis. 

Mortality: The 2 patients in group A died suddenly 
during the study. The cause of death was thought to be 
ventricular arrhythmia. 


DISCUSSION 

The usefulness of evaluating ischemic heart disease 
by thallium-201 stress scintigraphy has been estab- 
lished. It has been reported that several heart diseases, 
in addition to coronary artery disease, have abnormal 
scintigraphic findings.'3-!8 

Pfisterer et al’? reported that 12 of 17 patients with 
predominant aortic regurgitation had distinct left ven- 
tricular apical defects during exercise despite normal 
coronary arteries. They concluded that changes in left 
ventricular geometry and contraction pattern by vol- 
ume overload might cause perfusion abnormalities. 

Schulman et al'* performed stress imaging in hyper- 
tensive patients, and found that 29% of those with a 
low risk of coronary disease had abnormal thallium-201 
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TABLE I Comparison of Group A and Group N 
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Group A Group N 
LVH or ischemic ST change 13* 2 
on ECG (n = 38) 
Echocardiographic parameters (n = 33) 
LVDd (mm) 46+6 4445 
LVDs (mm) 28+6 27+4 
FS (%) 3947 39+6 
WT (mm) 26 17+2 
LVM (g) 2674+121* 133439 
Aortic regurgitation (n = 38) 8 3 
Hemodynamics (n = 7) 
sAoP (mm Hg) 170415 — 
dAoP (mm Hg) 60+ 13 — 
LVEDP (mm Hg) 1444 — 
* p<0.01 


ECG = electrocardiogram; %FS = percent fractional shortening; LVDd = left ven 
tricular end-diastolic dimension; LVDs = left ventricular end. systolic dimension; 
LVEDP = left ventricular end-diastolic pressure; LVH = left ventricular hypertrophy 
LVM = left ventricular mass; sAoP & dAoP = central aortic pressure in systole and in 
diastole; WT = interventricular thickness plus ventricular posterior wall thickness. 

















WT (mm LVM (g 

30- TARIA 300} PP chee: 

20+ 200} 

10+ | | 100+ | | 
GroupA Group N Group A Group N 











nd 


FIGURE 3. Wall thickness (WT) and left ventricular mass 
(LVM) were significantly greater in group A than in group N. 
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stress images. They considered the possibility that un- 
detected coronary artery disease, an increased oxygen 
demand caused by increased left ventricular mass and 
inadequate coronary reserve may be related. O’Gara et 
al!5 found that 41 of 72 patients (57%) with hypertro- 
phic cardiomyopathy demonstrated abnormalities in 
myocardial perfusion on thallium-201 emission com- 
puted tomography. Their patients were considered to be 
free of coronary artery disease. They concluded that 
myocardial ischemia in hypertrophic cardiomyopathy 
may result from one or more mechanisms, including an 
inadequate capillary density relative to the increased 
myocardial mass, impaired left ventricular relaxation, 
or abnormalities of the small intramyocardial coronary 
arteries. Positive scintigraphic scans were demonstrated 
by von Dohlen et al!® in 11 of 28 subjects (38%) with 
hypertrophic cardiomyopathy, despite normal epicardi- 
al coronary arteries. In their patients, left ventricular 
wall thickness was greater, left ventricular ejection frac- 
tion was lower and ventricular tachycardia was more 
frequent in those with thallium perfusion abnormalities 
than in those with normal scans. These investigators 
confirmed that myocardial ischemia, myocardial fibro- 
sis, or both, were responsible for the abnormalities. 

We observed that 20 of our 38 patients (53%) with 
Takayasu arteritis had a perfusion defect or a slow 
washout. Electrocardiographic abnormalities were more 
frequent in group A than group N. Wall thickness and 
left ventricular mass were greater in group A than 
group N. Complicated significant aortic regurgitation 
tended to be more common in group A than group N. 
The sites of the perfusion abnormalities are shown in 
the various portions of the left ventricle. We could not 
adequately examine the correlation between perfusion 
abnormalities and epicardial coronary artery disease, 
including ostial stenosis. It was reported that about 10% 
of patients with Takayasu arteritis had coronary artery 
involvement.! Coronary lesions were found in 2 of the 8 
patients in group A: 1 had a 99% diameter stenosis of 
the right coronary ostium and the other had a 99% 
diameter stenosis of the right coronary ostium with a 
75% diameter stenosis of the left anterior descending 
artery. Both patients had reversible defects in areas of 
the right coronary artery. Peripheral blood pressure of- 
ten cannot be measured adequately in patients with Ta- 
kayasu arteritis because of stenotic or occlusive lesions 
of the major aortic branches. One should obtain the 
central aortic pressure to evaluate the afterload to the 
left ventricle. Nevertheless, in our patients, we could 
not obtain adequate pressure data. The mean central 
aortic pressure in systole in the 7 group A patients was 
170 mm Hg. We believe that systemic hypertension 
plays an important role in the development of left ven- 
tricular impairment. 
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It is reasonable to think that abnormal scintigraphic 
findings are responsible for a decrease in coronary re- 
serve, myocardial damage, or both, due to long-stand- 
ing systemic hypertension or to aortic regurgitation. On 
the other hand, an epicardial or ostial coronary lesion 
should be considered when a typical reversible defect is 
revealed. There are a few cases of Takayasu arteritis 
with myocarditis.2° In >10 cases autopsied, however, 
we have not seen any evidence of myocarditis. 
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Usefulness of Dipyridamole-Handgrip Echocardiography Test for 


Detecting Coronary Artery Disease 


Eva Mandysova, MD, Petr Niederle, MD, PhD, Anna Malkova, MD, Rudolf Feuereisl, MD, PhD, 
Vaclav Cervenka, MD, Michael Aschermann, MD, PhD, and Frantisek Mandys, PhD 


ipyridamole-echocardiography testing has been 
D proposed for the diagnosis of coronary artery 

disease (CAD). It is a feasible, safe, highly spe- 
cific and relatively inexpensive diagnostic test. The major 
limitation of the dose used (0.56 mg/kg within 4 min- 
utes) as a test is a relatively low sensitivity.! Several 
methods have been proposed to overcome this limitation, 
including combination with dynamic exercise? and the 
use of a higher dosage of dipyridamole. Another attrac- 
tive means of increasing the sensitivity of this test 
would be handgrip exercise, which is a weak stressor 
when used alone.* Although handgrip exercise reportedly 
only slightly increased the sensitivity of the dipyridamole- 
echocardiography test’ in a study that used a 25% maxi- 
mal grip strength over 4 minutes, according to the proto- 
col previously used for thallium testing,® a more strenu- 
ous handgrip stress can conceivably apply a greater 
ischemic challenge to the myocardium by inducing more 
profound hemodynamic changes. The aim of this study 
was to assess whether a strong handgrip stress (50% of 
predetermined maximal grip strength until exhaustion or 
up to 5 minutes) might increase the sensitivity of dipyrid- 
amole-echocardiography testing for CAD detection. 

An initial set of 59 in-hospital patients undergoing 
diagnostic coronary angiography for history of chest 
pain was initially considered. We excluded patients 
with congenital heart disease, valvular heart disease, 
ventricular hypertrophy, severe arrhythmias and con- 
duction defects. The quality of 2-dimensional echo- 
cardiographic imaging at rest was not considered 
sufficient for adequate wall motion analysis for 6 
patients (10%) who were therefore excluded from fur- 
ther investigations. 

The remaining 53 patients, 48 men and 5 women, 
aged 37 to 66 years (mean 55), were enrolled in the 
study. Of these, 35 had a history of myocardial in- 
farction. 

Patients in whom no transient asynergy of myocar- 
dial contraction occurred during dipyridamole-echo- 
cardiography testing underwent the dipyridamole- 
handgrip echo test. 
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No patient was receiving antianginal therapy while 
undergoing coronary angiography and stress tests. 

Dipyridamole (Curantyl™, fa Arzneimittelwerk, 
Dresden) was infused intravenously at a dose of 0.75 
mg/kg in 100 ml of 5% glucose within an 8-minute 
period (half the dose during the first 3 minutes and 
the second half during another 5-minute interval). 
Twelve-lead electrocardiography and cuff blood pres- 
sure were monitored during every minute of pro- 
cedure. 

Two-dimensional echocardiography was continu- 
ously performed during dipyridamole infusion and up 
to 10 minutes afterward. Every positive test was ter- 
minated with 240 mg of aminophylline administered 
intravenously. 

In cases of an inconclusive pharmacologic test, iso- 
metric handgrip using 50% of predetermined maxi- 
mal grip strength was applied (after a 4-minute 
pause) until exhaustion (the longest interval was 5 
minutes in our series). Patients were followed accord- 
ing to the same protocol as in the pharmacologic test. 
The timing of events is shown in Figure 1. 

Two-dimensional echocardiography continuously 
recorded on videotape during the tests was performed 
from 2 apical views (apical 4-chamber and apical 
long-axis) with a commercially available mechanical 
scanner system (MK 600, Advanced Technology Lab- 
oratories, U.S.A., 3-MHz transducer). Wall motion 
was qualitatively graded as normal, hypokinetic, aki- 
netic or dyskinetic.'? 

Positivity of the test was based on the detection of a 
transient asynergy of contraction, absent or of a lesser 
degree in the baseline examination. In patients with a 
previous myocardial infarction, the higher degree or 
extent of the preexisting contraction abnormality as 
well as the occurrence of remote asynergy indicated a 
positive result. 

All standard echo views were examined while pa- 
tients were at rest. Every observed new asynergy was 
localized by repeated imaging of apical 4-chamber 
and long-axis views during the study. All echo studies 
were performed and interpreted by a cardiologist 
blinded to angiography. 

Routine cineangiography using the Judkins tech- 
nique in multiple projections was performed within | 
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FIGURE 1. Time course of experimental 
protocol. DET = dipyridamole echo test; 


i.v. = intravenous. 





(min) g 


week after stress tests. No significant changes in clini- 
cal condition occurred within this period. 

A luminal narrowing >70% in 2.1 major coronary 
vessel was considered as significant coronary artery 
stenosis. 

Continuous data are expressed as mean + stan- 
dard deviation. Differences between results of single 
pharmacologic and combined echo tests were com- 
pared by testing of confidence limits. 

At coronary angiography, 40 patients had signifi- 
cant and 13 had nonsignificant CAD. The sensitivity 
and specificity of single dipyridamole-echocardiogra- 
phy testing was 53 and 100%, respectively. With the 
addition of handgrip testing, overall sensitivity in- 
creased from 53 to 78% (p <0.001), with no decrease 
in specificity (100%). “Late positivity” of the dipyrid- 
amole effect only cannot be completely eliminated 
but, as it is rare, it could not influence the results of 
the combined test significantly. A comparison of the 
results of the echocardiography and the handgrip ex- 
ercise stress tests as they relate to significant CAD is 
shown in Figure 2. 

Values of the rate-pressure product increased to 
130% after dipyridamole infusion, compared with 
values at rest. As blood pressure tended to decrease 
slightly with dipyridamole, the overall increase of the 
rate-pressure product can be mostly attributed to the 
increase in heart rate. 

With the addition of the handgrip stress test, the 
values of the rate-pressure product doubled values at 
rest, mainly because of the increase in blood pressure, 
whereas the change in heart rate was less pronounced. 


CZ, sensitivity 
fear") specificity 





FIGURE 2. Noninvasive detection of >70% coronary artery 
stenosis on coronary angiography. DET = dipyridamole echo 
test; EST = exercise stress test; HET = handgrip echo test. 
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The values of hemodynamic parameters measured 
during stress testing are listed in Table I. There was a 
significant difference in the rate-pressure product be- 
tween dipyridamole-echocardiography and dipyrida- 
mole-handgrip echo tests in all patients (disjunctive 
95 percent confidence intervals for mean). Similar 
differences in the rate-pressure product (123 + 24 
vs 180 + 42, p <0.01) were also found at the onset 
of ischemia of the single pharmacologic versus the 
combined dipyridamole-handgrip test in all positive 
studies. 

No serious side effects were observed during the 
stress tests. Transient headache and flush appeared in 
12 patients (23%) during dipyridamole infusion. All 
the symptoms, including chest pain in the case of 
positive tests, disappeared immediately after ami- 
nophylline injection. No side effects related to hand- 
grip test were recognized. 

The quality of echocardiographic images re- 
mained unchanged during both tests. 

In our study, dipyridamole-handgrip echo testing re- 
vealed transient myocardial ischemia in 10 of 19 patients 
with significant CAD, in whom diagnosis would have 
been missed by dipyridamole-echocardiography alone. 
This marked rise in sensitivity took place without any loss 
in feasibility, safety and specificity, outlining a possible 
practical role for dipyridamole-handgrip testing in the 
accurate noninvasive diagnosing of CAD. 

Significant differences in the rate-pressure product at 
the onset of ischemia in the single pharmacologic versus 
the combined test, together with nonsignificant differ- 
ences between these 2 groups irrespective of the severity 
of stenotic lesion, probably express that the combined test 
detected milder forms of ischemia, from the point of view 
of function, but not anatomy. 


TABLE I Hemodynamic Findings in the 32 Study Patients 
Undergoing Dipyridamole-Echocardiography and 
Dipyridamole-Handgrip Echocardiography Tests 


DET 


72411 
144417 
103 + 19 


96+ 13 
131416 
126+ 23 


106 + 16 
175425 
186+ 45 


Heart rate (beats/min) 

Systolic blood pressure (mm Hg) 

Rate-pressure product (x 1/100) 
(beats/min X mm Hg) 

Data are expressed as mean + standard deviation. As all 95% confidence intervals 
for mean are disjunctive for all parameters involved, the results of the Kruskal-Wallis 
test are p <0.001. Oe i 

DET = dipyridamole-echocardiography test; D-HET = dipyridamole-handgrip echo 
test. 


Theoretically, handgrip stress testing—when super- 
imposed on dipyridamole infusion—could provoke myo- 
cardial ischemia through >2 different mechanisms: an 
increase in myocardial oxygen demand or a decrease in 
supply.’ Dipyridamole does not block the hemodynamic 
response to handgrip testing.*’ The peak rate-pressure 
product (an established index of cardiac work) achieved 
after dipyridamole-handgrip testing was significantly 
higher than after dipyridamole alone. With regard to 
blood supply, it has been documented that dipyridamole 
causes a slight to mild reduction in coronary arterial 
vasomotor tone, but it does not prevent the coronary 
constrictor effect of handgrip testing. In the presence of 
increased rates of flow (induced by dipyridamole), the 
handgrip-induced increase in epicardial coronary steno- 
ses might detrimentally potentiate the dynamic coronary 
stenosis and thus markedly raise the transstenotic gradi- 
ent present at rest. Finally, the increase in left ventricular 
end-diastolic pressure induced by handgrip testing reduc- 
es perfusion (by increasing extravascular resistance) and 
increases oxygen demand (by increasing the wall stress). 

Our results are only apparently in disagreement with 
those of others? who report only a 7% increase in sensitiv- 
ity when comparing the dipyridamole-handgrip echo test 
to dipyridamole alone. Some differences in the study 
protocol may well explain these discrepancies. First, we 
used a larger dipyridamole dose (0.75 mg/kg over 8 
minutes instead of 0.56 mg/kg over 4 minutes), which 
may guarantee a more sustained and prolonged coronary 


a IS 


vasodilation. Second, we applied a more strenuous hand- 
grip stress (50 vs 25% of predetermined maximal grip 
strength). 

Therefore, sufficiently severe isometric exercise test- 
ing can be conveniently combined with the dipyridamole- 
echocardiography test, because it sharply increases the 
sensitivity of the test with no apparent decrease in safety, 
feasibility and specificity. 
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Comparison of Manual Versus Automated Edge Detection for 
Determining Degrees of Luminal Narrowing by Quantitative 


Coronary Angiography 
Anatoly Langer, MD, and Robert F. Wilson, MD 


he known inaccuracies in visual angiographic in- 
terpretation' have led to the development of 
many quantitative methods for determining ab- 
solute coronary arterial dimensions. The use of automat- 
ed edge detection reduces the bias inherent in visual 
interpretation and improves precision and accuracy. The 
comparability of measurements obtained with automat- 
ed versus eye-hand edge-detection techniques and differ- 
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ent processing algorithms is not known. Accordingly, we 
compared the 2 most widely used methods: manual (eye- 
hand) edge detection versus the automated edge-detec- 
tion method. 

Forty-two angiograms meeting the following crite- 
ria were selected for analysis: (1) adequate visualiza- 
tion of a single coronary lesion in 2 orthogonal projec- 
tions (i.e., 30° right anterior oblique, 60° left anterior 
oblique); (2) absence of intralesional thrombus; and 
(3) adequate gray scale and line-pair resolution (>2.6 
line-pair/mm). Thirty patients had stable angina and 
were referred for percutaneous transluminal coro- 
nary angioplasty; 12 patients had normal coronary 
arteries. 
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Stenotic Coronary Arteries 


Normal Coronary Arteries 


FIGURE 1. Distribution of vessels studied in patients with nor- 
mal coronary arteries (n = 12) and in patients with stenotic 
coronary arteries (n = 30). Cx = circumflex artery; LAD = left 
anterior descending artery; RCA = right coronary artery. 


The identical arterial segment was analyzed in 2 
orthogonal projections using both methods; only 1 
segment per vessel was analyzed in each angiogram 
and only 1 frame per projection was analyzed. If pos- 
sible, the 2 orthogonal views were analyzed in the 
same part of the cardiac cycle with the specific prefer- 
ence for end diastole. 

The method of manual (eye-hand) edge detection 
(Brown-Dodge Method) has been described in detail 
elsewhere.’ Briefly, the angiographic frame was pro- 
jected vertically onto a rectilinear grid at 5X magnifi- 
cation. An outline of the angiographic catheter (7 Fr or 
8Fr) was traced. The arterial segment under study 
was outlined and a reference point common to both 
projections was identified (for spatial matching of the 
orthogonal projections). The traced vessel segments 
were then digitized and transmitted by telephone mo- 
dem to the VAX750 computer at the University of 
Washington, Seattle. The traced outline was corrected 
for pincushion distortion (from a previously entered 
file specific to each x-ray unit) and out of plane dis- 
tortion, as well as for magnification. Orthogonal views 


Brown-Dodge Method (mm?) 





Mean Difference 
(Reiber-CAAS vs 
Brown-Dodge) 


Reiber-CAAS 
Method 


Brown-Dodge 
Method 


Diameter stenosis 3.0440.71 3.184075 0.1440.25 
(mm) (LAO view) 

Diameter stenosis 
(mm) (RAO view) 

Cross-sectionalarea 7.72+3.61 


(mm?) 


2.87+0.76  3.0340.76 0.16+0.25* 


8.0543.68 0.33+40.74 


* p <0.05. 
CAAS = Coronary Angiography Analysis System; LAO = left anterior oblique view; 
RAO = right anterior oblique view. 


were then matched, using the reference point, along 
the entire length of the artery. Calculation of arterial 
cross-sectional area was calculated at each point 
along the centerline and the area of the normal seg- 
ment was calculated at a user-defined point. 

The method of automated edge detection ( Reiber- 
Coronary Angiography Analysis System [CAAS}) has 
been described in detail by Reiber et al? and was 
performed using the CAAS (CAAS, PIE Medical, 
Maastricht, Belgium). A cine frame from each view 
was digitized directly from film to a matrix of ap- 
proximately 1,000 X 1,500 pixels. The outline of 
the angiographic catheter was determined using a 
semiautomated edge-detection algorithm with correc- 
tion for pincushion distortion. The arterial contour 
detection was similarly performed by an automated 
algorithm using a user-identified and computer- 
smoothed centerline. The mean and minimal diame- 
ters of each segment were calculated. The diameter 
of a normal segment was determined at the user-de- 
fined point as previously described. Because no bi- 
plane matching was performed, the minimal area of 
the stenosis was calculated manually according to 
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y"0.962x-0.025 


p=0.0001 





FIGURE 2. Comparison between the 2 
methods of cross-sectional area (mm2) in 
normal coronary arteries (n = 12). CAAS 
= Coronary Angiography Analysis Sys- 
tem; SEE = standard error of the esti- 
mate. 


SEE=0.063 





the equation: x (minimum diameter, right anterior 
oblique) (minimum diameter, left anterior oblique)/4. 

All results are calculated as mean + 1 standard 
deviation. The comparison between the 2 methods was 
performed using linear regression analysis and paired 
t test. Statistical significance was assumed at p <0.05. 

Among the 42 patients studied, the artery ana- 
lyzed was left anterior descending in 15 patients, right 
coronary artery in 16, and circumflex in 11 (Figure 1). 
For all segments analyzed, diameter ranged from 0.46 
to 4.76 mm and cross-sectional area from 0.25 to 
15.61 mm?. 

The comparison of measurements obtained in 12 
patients with normal coronary arteries is listed in 
Table I and shown in Figure 2. Measurements of 
arterial cross-sectional area using each method were 
closely correlated. However, the diameter measure- 
ments in the right anterior oblique projection were 
slightly but significantly greater when assessed using 
the Reiber-CAAS method (Table 1). The diameter 
measurements in the left anterior oblique projection 
were similar between methods. 

The comparison of arterial stenosis in 30 patients 
with stable angina before percutaneous transluminal 
coronary angioplasty is listed in Table II and shown in 
Figure 3. The diameters of the normal segment and 
minimal lesion diameters measured using both meth- 
ods were highly correlated and not significantly dif- 
ferent (Figure 3). Similarly, there was no difference in 
the measurement of cross-sectional area between the 2 
methods (Table II). 

These data indicate that, in the absence of intracoro- 
nary thrombus and recent percutaneous transluminal 
coronary angioplasty, absolute coronary dimensions ob- 
tained over a broad range of measurements are similar 
using the quantitative methods of Brown-Dodge and 
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TABLE II Comparison of Arterial Stenosis (n = 30) 


Mean Difference 
(Reiber-CAAS vs 
Brown-Dodge) 


Brown-Dodge Reiber-CAAS 
Method Method 





Diameter stenosis 0.9240.33 0.96 +0.36 


(mm) (LAO view) 

Diameter stenosis 
(mm) (RAO view) 

% Diameter 
stenosis (LAO 
view) 

% Diameter 
stenosis (RAO 
view) 

Cross-sectional area 0.68+0.44 
(mm2) of stenosis 


Abbreviations as in Table |. 


Reiber-CAAS. Additionally, in a large number of ves- 
sels, the minimal cross-sectional area measured using the 
Brown-Dodge method with biplane matching was simi- 
lar to that obtained from orthogonal, single-plane mea- 
surements without spatial biplane matching (Reiber- 
CAAS method). These findings suggest that automated 
arterial contour edge detection produces results similar to 
human eye-hand edge detection and that biplane match- 
ing usually has minimal benefit. Consequently, measure- 
ments and data analysis obtained with these 2 frequently 
used methods should be interchangeable. 

There was a trend for arterial diameters measured 
with Reiber-CAAS to be greater than those measured 
with the Brown-Dodge system; the difference reached 
statistical significance only for the diameter stenosis in 
the right anterior oblique view for comparison of normal 
coronary arteries (Table I). The difference may have 
resulted from lack of out-of-plane magnification correc- 
tion in Reiber-CAAS system or differences in the algo- 
rithms used. Overall, the differences observed were so 


0.04 +0.12 


0.87 +0.28 0.93+0.29 0.06 +0.18 


7I +9 70+10 L237, 


68411 67+10 1.248.2 


0.724048 0.0440.17 


3 Brown-Dodge Method (mm?) 
3. 





FIGURE 3. Comparison between the 2 
methods of minimum cross-sectional area 
(mmZ2) in stenotic coronary arteries (n = 
30). Abbreviations as in Figure 2. 
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r=0.94 SEE=0.061 
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small that they may be considered trivial from the clinical 
point of view. 

Several caveats should be considered in the compari- 
son of these 2 methods. First, we excluded thrombotic 
coronary lesions and those after percutaneous translu- 
minal coronary angioplasty because edge detection by 
any method is known to be inaccurate in this setting.* 
Therefore, interchangeability of these methods should 
not be extended to thrombotic or “unstable” lesions. 

Second, we analyzed angiograms that we considered 
adequate for quantitative analysis. Substandard angio- 
graphic lesion definition might lead to divergent mea- 
surements with each edge-detection system. However, 
angiograms of poor quality should not be quantitatively 
analyzed because the measurements may be inaccurate 
regardless of the method of quantitative analysis used. 

Third, we only analyzed angiograms from 42 pa- 
tients. It is possible that, in extreme instances, out-of- 
plane magnification might be inordinately large and re- 
sult in significant measurement error. 

Fourth, the selection of patients as those suitable for 
angioplasty may have resulted in selection bias so that 
coronary artery lesions with mostly concentric stenosis 
were chosen. It is possible that in the case of eccentric 
stenosis, the calculation of minimal cross-sectional area 
from the minimal diameters in 2 views might be less 
accurate than that obtained from biplane-matched di- 
ameters. 

Quantitative coronary angiography has become a 
necessary tool in clinical research that pertains to the 
angiographic assessment of coronary artery disease. Fur- 
thermore, specific measurements based on the use of 
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quantitative coronary angiography have been proposed 
that are of clinical and physiologic importance.* The 
clinical implication of this study is that in the absence of 
intracoronary thrombus, absolute coronary dimensions 
obtained over a broad range of measurements in differ- 
ent laboratories using eye-hand (Brown-Dodge method) 
and automated edge-detection (Reiber-CAAS method) 
techniques are directly comparable. 
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Multiple Accessory Pathways in the Wolff-Parkinson-White Syndrome 
as a Risk Factor for Ventricular Fibrillation 


Wee Siong Teo, MBBS, George J. Klein, MD, Gerard M. Guiraudon, MD, Raymond Yee, MD, 
James W. Leitch, MBBS, Douglas McLellan, BSc, MA, Richard A. Leather, MD, and You Ho Kim, MD 


entricular fibrillation (VF) after atrial fibrilla- 
\ / tion is the mechanism of sudden death in most 
patients with Wolff-Parkinson-White (WPW) 
syndrome.'~ Initial data from Duke University! sug- 
gested that patients who had VF had a shortest RR 
interval between preexcited beats during atrial fibrilla- 
tion <250 ms. The use of the shortest RR interval during 
atrial fibrillation in predicting sudden death prospectively 
is, however, limited by its low positive predictive value.4 
Several studies!’ have also noted the increased frequency 
of multiple accessory pathways in VF patients with 
WPW syndrome although other investigators® suggested 
that this was not the case. We sought to determine 
whether VF occurs more frequently in patients with mul- 
tiple accessory pathways and whether multiple pathways 
may be considered as an additional risk factor for this 
complication. 
The study group comprised all patients with mani- 
Jest preexcitation in whom a complete electrophysio- 
logic study and an operative ablation of the accessory 
pathway were performed at University Hospital, Lon- 
don, Ontario, from June 1982 to June 1990. We used a 
surgical population because intraoperative confirma- 
tion of multiple accessory pathways was available. 
The techniques of electrophysiologic testing at Uni- 
versity Hospital,’ intraoperative mapping? and surgi- 
cal ablation? have previously been described. 
Multiple accessory pathways were defined when 
they occurred in >1 of the 4 major surgically defined 
areas. These were left lateral, posteroseptal, right free 
wall and right anteroseptal. Multiple accessory path- 
ways were also considered present if there were 2 
areas of preexcitation separated by at least a 2-cm 
distance and an intervening area with slower activa- 
tion time. VF was considered to have occurred secon- 
dary to atrial fibrillation if it was documented elec- 
trocardiographically or if it occurred in the absence of 
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any cardiac disease potentially associated with this 
complication. 

Standard definitions for sensitivity, specificity and 
predictive accuracy were used.‘ Patients with a history 
of VF were considered to be “true positives” for sud- 
den death. Student's unpaired t test was used to deter- 
mine the statistical difference seen in continuous vari- 
ables. Univariate analysis of discrete variables was 
performed using a chi-square test. Multivariate step- 
wise logistic regression was used to examine the risk 
factors associated with VF. The variables examined 
were age, sex, multiple accessory pathways, shortest 
RR interval between preexcited beats during atrial 
fibrillation and the anterograde effective refractory 
period of the accessory pathway. The variables exam- 
ined were then removed sequentially from the anal lysis 
if the p value was >0.1. A probability <0.05 was 
considered significant. Group data are expressed as 
mean + | standard deviation. 

There were 251 patients, of whom 31 (12.4%) had 
multiple accessory pathways and 18 (7.2%) had a 
history of VF. The patients with multiple accessory 
pathways, when compared with patients with single 
accessory pathways (Table I), were younger at the 
time of surgery (25.2 + 10.7 vs 33.0 + 12.4 years, p= 
0.001) and presented more frequently with document- 
ed atrial fibrillation (51.6 vs 29.1%, p = 0.01) and VF 
(16.1 vs 5.9%, p = 0.04). At electrophysiologic study, 
a shorter average RR interval during atrial fibrilla- 
tion (319.1 + 59.6 vs 349.2 + 72.2 ms, p = 0.04), the 
presence of preexcited reentrant tachycardia (45.2 vs 
20%, p = 0.003) and a shorter anterograde effective 
refractory period of the accessory pathway (256.1 + 
38.1 vs 273.8 + 28.2 ms, p = 0.007) distinguished 
patients with multiple accessory pathways from pa- 
tients with single accessory pathways. The difference 
in the shortest RR interval (214.3 + 48.3 vs 231.0 + 
52.4 ms, p = 0.09) during atrial fibrillation was not 
significant. 

Using the same group of patients, we then com- 
pared the 18 patients (7.2%) with those without a 
history of VF (Table II). There was no significant 
difference in the mean age (30.8 + 13.5 vs 32.2 + 12.4 
years, p = 0.7) and sex ratios (men to women: 8 vs 1.9, 


p = 0.06) between the patients with and without VF,» 
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TABLE | Patients with Multiple Accessory Pathways Compared to Patients with Single Pathways 


be of 


25.24 10.7 
2.9:1 
16 (52%) 

5 (16%) 
214.3 + 48.3 
319.1 + 59.6 
256.1 + 38.1 
14 (45%) 


Age (yr) 
M:F ratio 


SRR (ms) 
ARR (ms) 
AP ERP 
Px RT 


* Estimated in 10-ms increments. 


AF = atrial fibrillation; AP ERP = accessory pathway anterograde effective refractory period; ARR = aver 
males:females; MAP = multiple accessory pathways; OR (Cl) = odds ratio (95% confidence intervals); Px 


OR (Cl) 


0.94 (0.90-0.98) 
0.68 (0.29-1.6) 
2.59 (1.21-5.54) 
3.06 (1.01-9.27) 
0.93 (0.86-1.01)* 
0.99 (0.98-1.00)* 
0.98 (0.97-0.99) 
3.28 (1.50-7.16) 


33.0 12.4 
2.0:1 
64 (29%) 
13 (6%) 
231.04 52.4 
349.2 +72.2 
273.8 + 28.2 
44 (20%) 


RR interval between 2 preexcited beats during atrial fibrillation; M:F = 
= preexcited tachycardia; SAP = single accessory pathways; SRR = 


shortest RR interval between 2 preexcited beats during atrial fibrillation; VF = ventricular fibrillation. 


TABLE II Patients With Compared to Those Without Ventricular Fibrillation 


No. of No. of 


30.8 + 13.5 
M:F ratio 8:1 
SRR (ms) 195.3 + 48.3 
ARR (ms) 288.5 +75.5 
AP ERP 253.8 + 40.9 
MAP 5 (28%) 


* Estimated in 10-ms increments. 
Abbreviations as in Table |. 


Most of the patients had no underlying heart disease. 
One patient had tachycardia-associated cardiomyop- 
athy, which normalized after surgical ablation of the 
accessory pathway. The shortest RR (195.3 + 48.3 vs 
231.4 + 51.6 ms, p = 0.006) and average RR intervals 
(288.5 + 75.5 vs 349.1 + 69.8 ms, p = 0.003) during 
atrial fibrillation and anterograde effective refractory 
period of the accessory pathway (253.8 + 40.9 vs 
273.1 + 28.7 ms, p = 0.02) were shorter in patients 
with VF. The shortest RR interval during atrial fibril- 
lation ranged from 135 to 500 ms. For every 10-ms 
decrease in the shortest RR interval, there was an 
estimated 18% increase in the odds of having VF 
(odds ratio 0.82, confidence intervals 0.71 to 0.94). 
The percentage of multiple accessory pathways (27.8 
vs 11.2%, p = 0.04) in the VF group was significantly 
higher. Using multivariate stepwise logistic regression 
analysis, the shortest RR interval during atrial fibril- 


TABLE Ill Predictive Accuracy for Sudden Death 


SRR <250 ms MAP SRR <250 ms 
(%) & MAP (%) 


Sensitivity 


Specificity 
PPV 
NPV 


NPV = tive predictive value; PPV = positive predictive value; other abbrevia- 
tions as in Table |. 


890 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





No VF 


32.2412.4 
1.9:1 
231.44 51.6 
349.1 + 69.8 
273.1 + 28.7 
26 (11%) 


OR (Cl) 


0.99 (0.95-1.03) 
0.24 (0.05-1.06) 
0.82 (0.71-0.94)* 
0.98 (0.97-0.99)* 
0.98 (0.96-0.99) 
3.06 (1.01-9.28) 





lation was the only independent risk factor with a p 
value <0.05 associated with VF. However, the pres- 
ence of multiple accessory pathways was associated 
with a threefold increase in risk for VF, and this 
magnitude of risk for VF was only minimally altered 
after adjusting for the shortest RR interval (unad- 
justed odds ratio 3.1; adjusted odds ratio 2.6, p = 
0.1). 

There were 165 patients with a shortest RR inter- 
val <250 ms. When only the criterion of a shortest RR 
interval <250 ms was used, the sensitivity for detect- 
ing VF was 88%, but the positive predictive value was 
only 9%. The negative predictive value was 98%. How- 
ever, in patients with multiple accessory pathways and 
a shortest RR interval <250 ms, the sensitivity was 
lowered but the positive predictive value was in- 
creased to 22% (Table III). 

Sudden death is an infrequent but catastrophic com- 
plication of the WPW syndrome. The mechanism in the 
absence of organic heart disease is usually VF after atrial 
fibrillation with a rapid response over the accessory path- 
way.'~3 Patients resuscitated from VF invariably have 
inducible atrial fibrillation with a rapid ventricular re- 
sponse and a shortest RR interval between preexcited 
beats during atrial fibrillation of <250 ms.' Attempts at 
using this criterion prospectively for prognostication are 
limited by the fact that it has a low positive predictive 
value? and can be observed in approximately 17% of 


asymptomatic!” and up to 50% of symptomatic pa- 
tients!! with WPW syndrome; thus, the criterion lacks 
specificity. Previous studies have suggested that patients 
sustaining VF have a higher incidence of multiple acces- 
sory pathways! than those with more benign presenta- 
tions. The one study’ failing to find this relation demand- 
ed electrocardiographic documentation of the transition 
of atrial fibrillation to VF in their analysis, a factor that 
may have underestimated the true incidence of this com- 
plication. 

The present study supports the view that patients with 
multiple accessory pathways are more likely to present 
with both atrial fibrillation and VF. Although the most 
significant factor distinguishing the patients with and 
without VF was the presence of a short minimum RR 
interval, the presence of multiple accessory pathways was 
associated with 3.1 times odds ratio for developing VF, 
and this did not change appreciably (2.6 times) when 
corrected for the shortest RR interval during atrial fibril- 
lation. The small number of patients probably accounted 
for the lack of a significant p value with multiple regres- 
sion analysis. The presence of multiple pathways was also 
shown to increase the positive predictive value of the 
shortest RR interval <250 ms for VF by 2.4 times, 
without reducing the specificity. The general uniformity 
of observations in published reports from different data- 
bases! supports the view that the presence of multiple 
accessory pathways confers additional risk of VF. 

The reason for the increased prevalence of atrial fi- 
brillation and VF in patients with multiple accessory 
pathways is not clear. The presence of multiple accessory 
pathways provides the potential for complex reentrant 
circuits, which may result in multiple atrial wave fronts 
during reciprocating tachycardia and thus a greater po- 
tential for atrial fibrillation. During atrial fibrillation, 
rapid activation of the ventricles at multiple sites also 


provides a theoretical framework for desynchronization 
and a greater probability for VF. Finally, the presence of 
>| accessory pathway may simply increase the probabil- 
ity that one of these will have a short refractory period. 
Regardless of the mechanisms involved, these data 
suggest that patients with multiple accessory pathways 
and a shortest RR interval <250 ms are at increased risk 
for VF. This may be useful when considering nonphar- 
macologic therapies in the WPW syndrome. 
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Percutaneous Balloon Mitral Valvuloplasty in Juvenile Rheumatic 


Mitral Stenosis 


Savitri Shrivastava, DM, Vishwa Dev, DM, Ramachandran S. Vasan, DM, 


Gladwin S. Das, DM, and Meera Rajani, MD 


wW: report here results and follow-up data of 34 
patients <20 years old with rheumatic mitral ste- 
nosis (MS) (juvenile MS),! who underwent percutane- 
ous balloon mitral valvuloplasty at our medical center. 

The patients included 20 girls and 14 boys aged 16 
+ 2 years (range 10 to 19) who had severe rheumatic 
MS with significant pulmonary artery hypertension 
and severe pulmonary venous hypertension, with no 
clinical, radiologic or echocardiographic evidence of 
mitral valve regurgitation, calcification or left atrial 
thrombus. Associated tricuspid regurgitation and 
mild aortic regurgitation were present in 4 patients 
each (15%). Thirty patients (88%) were in New York 
Heart Association class III to IV and 4 (12%) were in 
class II. Mitral valve dilatation was performed by the 
technique described by Lock et al,’ with the modifica- 
tion that the J-looped tip of the guidewire was kept in 
the left ventricular apex instead of in the aorta during 
balloon dilatation. Procedure failure due to problems 
related to transseptal puncture occurred in 6 patients. 
These included atrial injury with hemopericardium 
(2 patients), severe hypotension and bradycardia (2 
patients), inability to cross the atrial septum after the 
needle puncture (due to either a thickened septum or 
puncture at an area other than the fossa ovalis [2 
patients)). 

In 2 patients, the mitral valve was crossed by the 
Swan-Ganz catheter, but the balloon dilatation cathe- 
ter could not be negotiated across the mitral valve 
because of a very narrow opening; at surgery, both 
patients had pinpoint mitral orifices. In the 26 pa- 
tients who underwent a successful valvuloplasty, body 
surface area ranged from 0.90 to 1.65 m?, with amean 
body surface area of 1.3 + 0.2 m’. A single-balloon 
technique was used in 20 patients (balloon size, £23 
mm for body surface area <1.2 m°, 25 mm for body 
surface area =1.2 m°). A double-balloon technique 
was used in 6 patients. In the latter, the size of the 2 
balloons was chosen according to the body surface 
area; for a body surface area of 1 to 1.25 m°, 2 bal- 
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loons, 15 mm in size, were used; for a body surface 
area of 1.25 to 1.5 m°, 15- and 18-mm sized balloons 
were used; and for a body surface area of 21.5 m°, 2 
balloons, 18 mm in size, were used. Balloon valvulo- 
plasty resulted in a significant decrease in the trans- 
mitral end-diastolic pressure gradient (Figure 1), 
from 23 + 6 to 8 + 6 mm Hg (p <0.01), and in a 
significant increase in mitral valve area, from 0.65 + 
0.25 to 1.8 + 0.9 cm? (p <0.01). Mean pulmonary 
artery pressure decreased (Figure 2) from 44 + 15 to 
34 + 16 mm Hg (p <0.02). The complications en- 
countered were severe mitral regurgitation in I patient 
(due to rupture of the minor chordae of the mitral 
valve) and cardiac tamponade in another. There were, 
however, no deaths, and both complications occurred 
during the learning curve of the technique. Angio- 
graphic left-to-right shunt was demonstrated imme- 
diately after mitral valve dilatation in 15 of 26 pa- 
tients, and oximetry evidence of shunt was seen in 6 of 
26 patients (23%). On follow-up, 4 of 26 patients had 
evidence of a left-to-right shunt (15%), with a mean 
Q,/Q, of 2:1. Sixteen patients were studied by cardiac 
catheterization within 2 weeks and all showed evi- 
dence of sustained hemodynamic benefit. All patients 
reported improvement in symptoms, with a change 
from New York Heart Association class III to IV to 
class I to II. Repeat hemodynamic measurements in 
10 patients at 3 to 6 months revealed no change in the 
transmitral end-diastolic gradient (8 + 3 vs 8 + 6 mm 
Hg, immediately after valvuloplasty; difference not 
significant; Figure 1), a nonsignificant reduction in 
mitral valve area (1.45 + 0.6 vs 1.8 + 0.9 cm?; differ- 
ence not significant) and a further decrease in mean 
pulmonary artery pressure that did not reach statisti- 
cal significance (26 + 7 vs 34 + 16 mm Hg; difference 
not significant; Figure 2). Restenosis (mitral valve 
area <1.0 cm?) occurred in 2 patients. 

Rheumatic MS in India frequently affects children 
and young adults <20 years old (juvenile MS).! Al- 
though balloon mitral valvuloplasty has been shown to be 
an attractive alternative to surgical commissurotomy in 
adults,23 reports of this technique in the younger age 
group are scarce.’ In our study (in which three-fourths of 
patients underwent valvuloplasty with a single-balloon 


FIGURE 1. Graph depicting transmitral 
end-diastolic gradient before, 
after balloon dilatation, and at follow-up. 


FIGURE 2. Graph depicting mean pulmo- 


technique), gratifying results were obtained, with an 
achieved mean mitral valve area of 1.8 cm2. The 15% 
incidence of atrial septal defect and the 3.8% incidence of 
severe mitral regurgitation in this series of young patients 
are no different from figures available from studies in 
older patients. However, we had a higher failure rate in 
our group of patients. Some of the difficulties related to 
the transseptal puncture could have been avoided by 2- 
dimensional echocardiographic guidance at the time of 
the puncture. In patients with very narrow mitral orifices, 
sequential dilatations, with use of smaller sized catheters, 
initially followed by larger sized catheters, may help to 
avoid failures. Follow-up studies have shown sustained 
hemodynamic improvement in most patients. These pre- 








liminary data suggest that even a single-balloon tech- 
nique is effective in producing adequate relief of MS in 
younger patients. Although mitral restenosis in 2 of 10 
patients restudied at an interval of 6 months appears to 
be a rather high figure, a longer follow-up of a larger 
number of patients is required to determine the true 
incidence of restenosis in juvenile MS subjected to bal- 
loon valvuloplasty. 
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Reversal of Changes in Left Ventricular Diastolic Filling Associated 


with Normal Aging Using Diltiazem 
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ongestive heart failure is a common problem in 

clinical geriatrics and often the result of diastolic 

rather than systolic dysfunction.' Normal aging 
is associated with a reduction in the rate of calcium ion 
uptake by the sarcoplasmic reticulum.” Because intracel- 
lular handling of calcium may affect isovolumic relaxa- 
tion and left ventricular (LV) compliance, a calcium 
antagonist may be beneficial. The pattern of LV diastolic 
filling may be accurately characterized by both pulsed 
Doppler ttansmitral flow velocities? and radionuclide 
scintigraphy.‘ The present study tests the hypothesis that 
a calcium antagonist, diltiazem, may be effective in re- 
versing the impairment of early diastolic LV filling seen 
in elderly subjects. 

The subjects consisted of 2 groups, each given a 
single 90-mg oral dose of diltiazem. They included 10 
healthy young adults (6 men and 4 women, mean age 
+ standard deviation 29 + 1 years) and 11 healthy 
elderly subjects (7 men and 4 women, aged 68 + 3 
years). All subjects were free of cardiovascular and 
renal disease by history and physical examination and 
none had a history of cigarette smoking or was taking 
any medication. Complete blood count, serum electro- 
lytes, blood urea nitrogen, creatinine, fasting glucose, 
resting electrocardiogram, and results of maximal 
exercise treadmill tests were all normal. No caffeine 
or alcohol-containing foods or beverages were allowed 
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for at least 12 hours before the study. Informed con- 
sent was obtained from all subjects. 

Two-dimensionally guided M-mode and transmi- 
tral pulsed Doppler measurements were performed 
using an HP77020A (Hewlett-Packard Co., An- 
dover, Massachusetts) echocardiograph and 2.5- 
MHz transducer at baseline and 3 hours after admin- 
istration of diltiazem. M-mode recordings were ob- 
tained according to the recommendations of the 
American Society of Echocardiography.’ Simulta- 
neous phonocardiography and M-mode recordings 
were used to assess the interval from the aortic com- 
ponent of the second heart sound to mitral valve open- 
ing. The value was rate-corrected to estimate isovolu- 
mic relaxation time.° Pulsed Doppler transmitral ve- 
locities were taken from the apical 4-chamber view 
between the tips of the mitral leaflets? by the same 
operator. Doppler data were manually traced and dig- 
itized. Peak velocities of the early and atrial filling 
waves were determined with velocity-time integrals of 
the early and atrial filling waves obtained by integrat- 
ing flow velocity profiles at 4-ms intervals. Percent 
early filling was assessed by dividing the area under 
the early wave by the total velocity-time integral. Per- 
cent filling during the first one-third of diastole was 
calculated as the percent of the velocity-time integral 
during the first third of diastole. Time for 50% filling 
was calculated as the time to attain 50% of the total 
velocity-time integral. Three to 5 successive Doppler 
spectra were analyzed in a blinded fashion. 

Radionuclide scintigraphy was performed in 4 
young and 11 older subjects at baseline and 90 min- 
utes after diltiazem using the in-vitro technique.’ LV 
filling fractions were calculated using the LV volume- 
time curve. Filling fractions were calculated by divid- 
ing the number of frames from end-diastole to the end 
of the volume curve by 3. 

All results are expressed as mean + standard devi- 
ation. Comparisons between groups were made using 
the Student's unpaired t test. Data analysis before and 


( 


TABLE I Doppler Data Before and After Diltiazem in Young Adult and Elderly Groups 


Young Adult (n = 10) 


Baseline 


57+10 
10746 
0.073 + 0.013 
0.64+0.11 
0.34 + 0.06 
1.90.4 
79+5 
144419 
61+6 


Heart rate (beats /min) 
Systolic blood pressure (mm Hg) 
lsovolumic relaxation time (s) 
Peak E-wave velocity (m/s) 
Peak A-wave velocity (m/s) 
Peak E /peak A velocity 
% E-wave filling 
Time for 50% LV filling (ms) 
% Filling first third of diastole 
* p <0.02 vs baseline young adult. 
t p <0.08 vs baseline healthy elderly. 


* p <0.05 vs baseline young adult. 
5 p <0.05 vs baseline healthy elderly. 





after diltiazem were made using the Student's paired t 
test. A pvalue <0.05 was considered significant, Bon- 
Jerroni correction was applied to minimize the possi- 
bility of a chance significance. 

No patient had an adverse reaction to diltiazem. 
At baseline, the isovolumic relaxation time was sig- 
nificantly increased (Table 1) in the healthy old sub- 
jects compared with young adults. In young adult 
subjects, there was no change after administration of 
diltiazem, although in the elderly, there was a trend 
toward shortening of relaxation time. There were sig- 
nificant differences between the young adult and el- 
derly in peak early/peak atrial velocity, percent early 
filling, time for 50% filling, percent filling in the first 
third of diastole, and peak early/peak atrial velocity 








FIGURE 1. Transmitral 
tient before (a) and after (b) ingestion of 90 mg of diltiazem. 
Each bar represents 0.2 m/s. After ingestion of the calcium 
blocker, there is an increase in peak early (E) velocity with an 
increase in peak early/peak atrial velocity. ECG = electrocar- 
diogram 


spectra from an individual pa- 


Healthy Elderly (n = 11) 


After Diltiazem 


53+8 
129412 
0.08 + 0.037" 
0.53 + 0.108 
0.57 +0.15 
1.040.28 
6447 
232479 
50 + 85 


After Diltiazem Baseline 


58+8 
108+5 
0.078+0.011 
0.66 + 0.07 
0.37 + 0.05 
1.8+0.2 
77+3 
147 + 24 
61+4 


5647 
139 + 8* 
0.102 + 0.024* 
0.49 + 0.13? 
0.60 + 0.14 
0.8 +0.24 
609+ 
266 + 85+ 
45 + 8 


at baseline (Table I). After diltiazem, there were no 
changes in any of the Doppler parameters in young 
adults. In the healthy elderly (Figure 1, Table 1), 
however, there were significant increases in peak earl ly 
velocity, percent filling during the first one-third of 
diastole and peak early/peak atrial velocity. Radio- 
nuclide scintigraphy documented a significant in- 
crease in the first third filling fraction (Table II) in 
the healthy elderly. No change was noted in the 
healthy young adults. 

The results of this study demonstrate that there are 
significant differences between healthy young adults and 
healthy elderly in resting isovolumic relaxation time, as 
well as transmitral pulsed Doppler and radionuclide in- 
dexes of LV filling. Isovolumic relaxation time was pro- 
longed in the elderly, and shortened with diltiazem. The 
Doppler and radionuclide data demonstrate an age-relat- 
ed shift in diastolic filling toward the end of diastole. 
These changes are partially reversed with a calcium an- 
tagonist. 

With healthy aging, LV systolic function remains 
intact,! but there is an impairment of early diastolic 
filling, with the atrial contribution becoming increasingly 
prominent. These changes occur in the absence of clini- 
cally evident myocardial ischemia or arterial hyperten- 
sion and appear to be independent of the age-related 
increase in LV mass. This recognition of impaired dia- 
stolic function with advancing age and clinical congestive 
heart failure with preserved systolic function has stimu- 


TABLE II Radionuclide Filling Data in the Healthy Elderly 


Before (Baseline) and After Diltiazem 





First third filling fraction 
Second third filling fraction 0.30 +0.14 0.21 + 0.08* 
Third third filling fraction 0.28 + 0.07 0.28 + 0.07 


* p <0.05 vs baseline. 


0.42+0.15 0.51 +0.11* 
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lated interest in the identification of therapies to improve 
diastolic performance. Our study confirms the work of 
others, that normal aging is associated with a prolonga- 
tion of isovolumic relaxation time and impairment of 
early diastolic LV filling.’ There is a decrease in the peak 
early wave velocity with a concomitant increase in the 
peak atrial wave velocity and prolongation of time for 
50% LV filling. Correspondingly, the percent filling dur- 
ing the first third of diastole and percent early wave 
filling decline with age. 

The current study demonstrates that with calcium 
blocker ingestion, there is an improvement in diastolic 
filling indexes in the healthy elderly, with no change in 
the young adults. This suggests that LV relaxation may 
already be optimal in the healthy young group, or that 
further enhancement of diastolic filling cannot be medi- 
ated by drugs that inhibit calcium entry. Diltiazem and 
other calcium antagonists have been shown to improve 
Doppler indexes of LV filling in the setting of coronary 
ischemia.!° We specifically excluded subjects with a his- 
tory of coronary artery disease, smoking, diabetes or 
systolic dysfunction. Furthermore, all the elderly subjects 
in the study underwent maximal exercise testing without 
signs of myocardial ischemia. Therefore, the demon- 
strated improvements after administration of calcium 
blockers were likely not due to amelioration of myocardi- 
al ischemia, but rather to a partial reversal of calcium- 
mediated: age-related myocardial changes. 

The Doppler data offer an indirect assessment of LV 
diastolic performance. The flow velocity wave forms may 
be influenced by heart rate and loading conditions.'! In 
this study, heart rate did not change. The relative contri- 
bution of the reduction in blood pressure to the observed 
change in diastolic indexes cannot be precisely delin- 
eated. A decrease in preload, as with nitroglycerin, has 
been shown to decrease peak early wave velocity.!!:!? 
Strictly speaking, improved LV compliance after calci- 
um blocker ingestion cannot be definitively proven from 
our study. However, we have shown that isovolumic re- 
laxation time is reduced. At similar heart rates a decrease 
in relaxation time would lead to a shortening of the time 
for left atrial filling and thus a decrease in peak early 
velocity. Thus, it is likely that the improvement in diastol- 
ic filling indexes is at least partially attributable to im- 
proved LV diastolic performance. We examined relative- 
ly acute effects. Additional studies are needed to assess 
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the effects of chronic calcium blocker therapy and to 
determine if an acute challenge can predict long-term 
clinical improvement. 

In this study, we have demonstrated distinct differ- 
ences in relaxation time and both Doppler and radionu- 
clide indexes of LV filling between young adults and 
healthy elderly. After administration of diltiazem, there 
were improvements in noninvasive indexes of LV filling 
in the elderly group, with no change in the young adult 
group. These changes, if sustained, suggest that calcium 
antagonists may help reverse the abnormal pattern of LV 
filling in the elderly and prove useful for elderly patients 
with diastolic dysfunction. 
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Spontaneous Regression of Cardiac Rhabdomyoma 


Zia Q. Farooki, MB, BS, Robert D. Ross, MD, Stephen M. Paridon, MD, 
Richard A. Humes, MD, Peter P. Karpawich, MD, and William W. Pinsky, MD 


ultiple cardiac rhabdomyomas in a neonate 
M with tuberous sclerosis were first described by 

Von Recklinghausen in 1862. These hamar- 
tomas are the cardiac tumors most frequently encoun- 
tered during infancy and childhood. Rhabdomyomas ac- 
count for 45% of primary heart tumors in children and 
represent 53% of primary benign childhood cardiac tu- 
mors.' Approximately 30% of patients with tuberous 
sclerosis have cardiac rhabdomyomas.* Their natural 
history is unclear because most reviews on this subject are 
based on autopsy data. The prognosis for cardiac rhabdo- 
myomas is believed to be grim because of reported fatali- 
ty rates of 53% by the first week of life and 78% by | year 
of age.™ With widespread use of echocardiography in 
pediatrics during the last 2 decades, it has become clear 
that rhabdomyomas result in a wide spectrum of clinical 
manifestations, ranging from a total absence of symp- 
toms to intrauterine or sudden postnatal death. Also 
reported are hydrops fetalis, dysrhythmias, inflow or out- 
flow obstruction, congestive heart failure and possibly 
cerebral embolization. Histologic examination of these 
masses in 1923 was suggestive of spontaneous regres- 
sion.* Isolated clinical reports of spontaneous regression 
have recently appeared.» We now describe a series of 5 
infants with tuberous sclerosis who had close documenta- 
tion of the size of their 13 tumors. 

Between 1973 and 1989, 25 patients were diag- 
nosed with cardiac rhabdomyomas. At the time of the 
initial diagnosis, 10 patients were aged <4 weeks, 8 
were >l and <12 months, and 1 was >12 months. 
Five infants underwent operation, with 1 death, and 4 
of these patients have been reported on previously. 
One patient with diffuse rhabdomyomatosis was ini- 
tially diagnosed at | day of age, was thought to be 
inoperable and died of intractable ventricular tachy- 
cardia at 6 months of age. Five patients with tuberous 
sclerosis and cardiac rhabdomyoma had a single 
echocardiographic study and their outcome is un- 
clear. Four patients have been followed elsewhere and 


available reports indicate spontaneous regression of 


the tumors, but we excluded them from the present 
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study because of lack of serial measurements of the 
tumors. The remaining 5 infants with tuberous sclero- 
sis and rhabdomyomas had serial measurements of 
the masses performed during follow-up studies and 
form the basis of this report. The nature of the masses 
was assumed to be rhabdomyoma because of the di- 
agnosis of tuberous sclerosis; histologic confirmation 
was not obtained. All patients underwent complete 
cardiologic and neurologic evaluation. Serial electro- 
cardiograms and echocardiograms were obtained for 
all patients. Cardiac catheterization and cineangiog- 
raphy were performed in 2 patients. The location, 
number and size of each tumor was determined. Elec- 
tronic calipers were used to measure the circumfer- 
ence of each mass in 22 planes. An average of these 
measurements was used to follow the changes in the 
size of each tumor. Linear regression analysis was 
performed on each tumor circumference with respect 
to patient age over time. Three serial measurements 
were used for analysis of 7 tumors. The reņtaining 6 
had resolved at the time of the second “follow-up 
study. 

Three of the 5 patients were white and 3 were girls. 
The ages at initial presentation were 21, 1, 5,6 and 
300 days, respectively (Table I). The first patient pre- 
sented with supraventricular tachycardia and Wolff- 
Parkinson-White syndrome; the remaining 4 patients 
had asymptomatic heart murmurs. All patients devel- 
oped cutaneous, neurologic and radiologic abnormal- 
ities of tuberous sclerosis. Family history was positive 
for tuberous sclerosis in 1 patient. 

The cardiothoracic ratio on chest x-ray was in- 
creased in patients 2 and 5. The electrocardiogram 
revealed right ventricular hypertrophy in patients 2 
and 5 and right atrial enlargement in patients 3 and 5. 
The diagnosis of cardiac tumor was made by echocar- 
diography in all patients. Cardiac catheterization 
and cineangiography were performed in patients | and 
2. Magnetic resonance imaging was obtained in pa- 
tient 5. 

Tumor sites are listed in Table I. Of these, 12 were 
ventricular (8 right, 4 left) and 1 was right atrial. 
There were 10 intracavitary and 3 intramural masses. 
A solitary mass was seen in 2 and multiple tumors 
were present in 3 patients. There was a 5-mm Hg 
gradient recorded across the right ventricular outflow 
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TABLE I Tumor Regression Characteristics 


Circumference 
Initial 


RV cavity 
RV cavity 
RV mural 
RA cavity 
RV cavity 
RV cavity 
RV cavity 
RV mural 
LV cavity 
LV cavity 
LV cavity 
LV mural 
RV cavity 

* For the regression of tumor size over time. 

t p <0.01; * p <0.05. 


§ Includes papillary muscle. 
LV = left ventricular; RV = right ventricular. 





tract in patient 1 (catheterization), a 4mm-Hg gradi- 
ent across the tricuspid valve in patient 2 (catheteriza- 
tion), no gradients in patient 3 (Doppler), a 15-mm 
Hg mean gradient across the left ventricular outflow 
tract in patient 4 (Doppler), and a 65-mm Hg peak 
gradient across the right ventricular outflow tract in 
patient 5 (Doppler). The circumference of the tumors 
ranged between 0.5 and 10.8 cm. 

All patients remained asymptomatic during the 


ari follow-up period of 12.5, 7.0, 4.5, 3.5 and 0.6 years, 


respectively. The site, initial circumference, final cir- 
cumference, rate of tumor regression and age at com- 






FIGURE 1. Right ventricular cineangiogram of patient 1. (A) 
Arrow indicates the filling defect in the right ventricular out- 
flow tract, seen at 4 weeks of age. (B) Follow-up study at 7 
years of age reveals complete resolution. RV = right ventricle. 
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Rate of 

Tumor Age at 
Regression Resolution 
(mm/month) (yr) 


Regression 


Final Coefficient* 


plete resolution of the tumor are listed in Table I. 
There was a transient increase in the circumference of 
4 tumors (10, 17, 18 and 30%) followed by rapid 
resolution. The rate of regression ranged between 0.9 
and 6.0 mm/month. The regression coefficients of ven- 
tricular tumor size over time range between —0.89 and 
—0.99. The right atrial tumor showed no change in 
size. Figures 1 to 3 are examples of spontaneous re- 
gression of rhabdomyomas. An example of a regres- 
sion curve with 8 data points is shown in Figure 4. 
We reviewed data reported in 25 patients with ven- 
tricular rhabdomyomas thought to have shown sponta- 
neous regression between 1975 and 1990.578 The regres- 
sion of 13 tumors occurred between 0.4 and 6.0 years of 
age (median 1.0). Spontaneous regression of atrial rhab- 
domyoma has been reported in 2 patients.?:'° The value 
of surgical resection of symptomatic tumors is well estab- 





FIGURE 2. Two-dimensional echocardiogram of patient 2. (A) 
Modified short-axis view of the right ventricular cavity (RV C) 
obtained at 1 day of age reveals a large cavitary as well as a 
well-circumscribed intramural mass. (B) Follow-up study at 
3.5 years of age reveals complete resolution of masses and 
only an echodense area (white arrows) of the papillary muscle 
remains. LV = left ventricle; RV = right ventricle; RVM = 
right ventricular mural; T = tumor; VS = ventricular septum. 





lished.°-!! Our data showed regression of all 12 ventricu- 
lar tumors, with complete resolution of 83%. Complete 
regression of 6 ventricular tumors occurred by | year of 
age and an additional 4 completely resolved between 1.0 
and 3.5 years of age. Near complete resolution of 2 
ventricular tumors was observed between 2.4 and 3.5 
years of age. Transient increase in the circumferences of 
4 ventricular tumors was observed before regression. The 
explanation for this observation remains unclear and 
cannot be entirely explained by technical difficulties in 
tracing the outline of tumors. Our data do not support the 
Konkol et al’s recommendation!? to operate on all cavi- 
tary rhabdomyomas in order to prevent central nervous 
system embolization. Unless critical obstruction or dys- 
rhythmia is present, medical follow-up should be the 
preferred treatment for cardiac rhabdomyoma. 
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FIGURE 3. Patient 5. (A) Short-axis high parasternal view ob- 
tained at 10 months of age (left) reveals a large rounded mass 
almost completely occluding the right ventricular outflow tract 
(RVOT) (arrows). The outer shell of the mass appears nonho- 
mogeneous and less echodense than its central portion. A fol- 
low-up study at 17 months of age (right) reveals almost com- 
plete resolution of the mass. (B) Magnetic resonance imaging 
at 12 months of age (left) reveals a large mass in the right 
ventricular outflow tract. A follow-up study at 18 months of 
age (right) reveals a minimal residual mass (arrow). (C) Color- 
flow Doppler study at 10 months of age (left) reveals the bifid 
pattern of flow around the mass in the right ventricular out- 
flow tract (RVOT). A follow-up study at 17 months of age 
(right) shows normal flow pattern in the pulmonary artery 
(PA). Ao = aorta; LV = left ventricle; PV = pulmonary valve; 
RV = right ventricle; T = tumor. 
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FIGURE 4. Regression curve for a right ventricular (RV) mass 
in patient 2. The correlation coefficient is —0.93. * Actual in- 
dividual measurements on the vertical axis. 
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Afterload Dependence of Echocardiographic Left Ventricular Ejection 


Force Determination 


Thomas R. Lloyd, MD, and Richard L. Donnerstein, MD 


saaz et al! have proposed a new echocardiographic 
I index of left ventricular (LV) contractile function 

based on the force imparted to blood ejected during 
the accelerative phase of systole, according to Newton’s 
second law. This index correlated with ejection fraction 
in patients with congestive heart failure! and responded 
appropriately after replacement therapy in patients with 
hypothyroidism.” Using a mock circulation and clinical 
example, we have shown that LV ejection force as deter- 
mined by Isaaz et al! is a strongly afterload-dependent 
index of contractile function. 

We simplified calculation of LV ejection force, 
such that ejection force = p+ CSA -A Vpk)? ( Appen- 
dix). The relation between ejection force and after- 
load was studied in a water-filled Donovan mock cir- 
culation with a biventricular assist device ( Novacor, 
Oakland, California) powered by a pneumatic driver 
(Symbion, Salt Lake City, Utah). Pressure in the 
model aorta was monitored with a micromanometer- 
tipped catheter (Millar Instruments, Houston, Tex- 
as). Air bubbled into the model right atrium provided 
ultrasonic contrast. Diastolic blood pressure was sys- 
tematically varied to alter LV afterload while force 
was held constant at 1 of 3 values by fixing the pres- 
sure applied to the assist device diaphragm at 125, 
150 or 175 mm Hg. Heart rate was held constant at 65 
min™!. The density of water and the cross-sectional 
area of the mock aortic root remained constant, so 
that the calculated ejection force could be changed 
only by changes in Doppler flow velocity. A pulsed 
Doppler probe, positioned parallel to flow, was incor- 
porated into the mock aortic root for velocity mea- 
surements. The calculated ejection force was related 
to diastolic pressure and LV applied force by multiple 
regression analysis. If the calculated ejection force 
truly represents contractility, it should vary with LV 
applied force but not with diastolic blood pressure. 
The calculated ejection force correlated appropriately 
with LV applied force, but varied inversely with dia- 
stolic blood pressure (Figure 1). 

We observed a clinical example that confirms the 
afterload dependence of LV ejection force. A 9- 
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month-old infant presented in severe congestive heart 
failure from systemic carnitine deficiency. Ascending 
aortic size and pulsed Doppler flow velocity were 
measured from the suprasternal notch during initia- 
tion of vasodilator therapy with sodium nitroprusside. 
Arterial blood pressure (from a femoral artery cathe- 
ter) was noted during each Doppler recording. Exam- 
ples are shown in Figure 2. The relation between LV 
ejection force (by our modification of the Isaaz for- 
mula) and diastolic blood pressure is shown in Figure 
3. Again, the calculated LV ejection force varied in- 
versely with diastolic blood pressure in this patient, 
whom we believe had little ability to vary true LV 
force development. 

We have simplified the LV ejection force equation 
proposed by Isaaz et al! so that it requires measurement 
only of peak aortic Doppler flow velocity and aortic cross- 
sectional area, eliminating measurement of time to aortic 
peak velocity, integration of the accelerative phase of the 
aortic Doppler flow velocity profile, and approximation 
of the acceleration of aortic blood (both methods assume 
a standard value for the density of blood). The measure- 
ments eliminated are those which in our experience are 
most difficult to measure accurately and reproducibly, 
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FIGURE 1. Left ventricular ejection force from the mock circu- 
lation, calculated by our modification of the method of Isaaz et 
al,! is plotted against diastolic blood pressure (DBP) in the 
mock aorta. Regression lines from multiple regression analy- 
sis indicate the strong statistical relations between ejection 
force and both driving pressure (Pdrive) applied to the assist 
device (p <0.0001) and diastolic pressure (p <0.0001). 
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FIGURE 2. Pulsed Doppler tracings from the ascending aorta 
from a 9-month-old patient with cardiomyopathy during insti- 
tution of vasodilator therapy with sodium nitroprusside (see 


ug/kg/min (A), 1.0 » g/kg/min (B and D), 2.0 g/kg/min (E), 
and 3.0 „g/kg/min (F). Note the clear relation between aortic 
Doppler velocity and diastolic arterial pressure. 


We believe that our modification of the formula of Isaaz 
et al will improve the precision of this measurement. 
Aortic peak Doppler flow velocity has been used as an 
index of LV performance by some investigators, 
whereas others have used modifications, such as Doppler 
flow acceleration or indexing velocity to LV and aortic 
size.6 Aortic peak Doppler flow velocity is the major 
determinant of the calculated LV ejection force because 
its value is squared in the computation. The afterload 
dependence of Doppler velocity is intuitive: When after- 
load is maximum (aortic occlusion), ejection will cease 
and peak ejection velocity will be zero. It is therefore not 
surprising that the ejection force index of Isaaz et al 
should prove to be afterload-dependent; indeed, the 
method was validated against ejection fraction,' a notori- 
ously load-dependent measure of contractility. 
Conceivably, calculated ejection force could be com- 
bined with diastolic blood pressure to produce an after- 
load-independent estimate of LV force development. The 
product of diastolic pressure and aortic cross-sectional 
area can be converted to force units (kdyn) and added to 
the calculated ejection force to yield an estimate of LV 
developed force. To obtain an afterload-independent esti- 
mate from our data, ejection force would have to be 
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Clinical example 
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FIGURE 3. Left ventricular ejection force calculated by our 
modification of the method of Isaaz et al! plotted against dia- 
stolic blood pressure (DBP) using the data from our patient 
example. Regression line is shown. Calculated ejection force 
decreased with increasing diastolic blood pressure (p <0.001). 


multiplied by 8.3 in the mock circulation and by 45.5 in 
our patient example. It should not be surprising that the 
method of Isaaz et al substantially underestimates ejec- 
tion force, because it considers acceleration only of the 
mass of blood actually ejected from the ventricle.'! With 
each heart beat, blood is accelerated throughout the arte- 
rial tree, and the motive force for this acceleration must 
come from the left ventricle. It may indeed be possible to 
develop a formulation that includes all the components of 
LV developed force, i.e., the forces necessary to over- 
come diastolic blood pressure and aortic impedance as 
well as the full accelerative component of ventricular 
force. However, the current formulation of LV ejection 
force exhibits such strong afterload dependence that the 
usefulness of this noninvasive index of ventricular perfor- 
mance is substantially limited. 


APPENDIX 

By Newton’s second law, force = mass - acceleration. As 
shown in Equation 1, the mass ejected during the acceler- 
ative phase of ejection is the product of blood density (p), 
aortic cross-sectional area (CSA), and the time integral 
of Doppler flow velocity (V) from the instant before 
ejection begins (time = 0) to the time of peak Doppler 
velocity (time = tpk), and acceleration is the time deriva- 
tive of Doppler velocity (dV /dt): 


Force = p+ CSA » folk V «dt - (dV/dt). [1] 


Isaaz et al! approximated acceleration as peak Dopp- 
ler velocity (Vpk) divided by tpk, producing: 


Force = p+ CSA + fotk V - dt + Vpk/tpk. [2] 


However, we chose to combine the time integral with 
the time differential, evaluating the integral over the 
velocity values from to to tpk, such that: - 


Force = p+ CSA + foPk V - dV. [3] 


We then solved the definite integral to produce our 
simplified expression for ejection force (note that Vo = 0 
by definition), so that: 


Force = p - CSA - 4(Vpk)?. [4] 
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CASE REPORT 


Unstable Myocardial Ischemia After the 
Initiation of Niacin Therapy 


Richard C. Pasternak, MD, and Benet S. Kolman, MD 


iacin has been used as a 
JN piste agent for 
the treatment of hypercho- 


lesterolemia for >3 decades. '~ Cur- 
rent interest in niacin therapy has 
been reawakened, in part as a result 
of its status as a “first-line” drug in 
the treatment of hyperlipidemia ac- 
cording to the National Cholesterol 
Education Program guidelines.* Un- 
fortunately, adverse effects limiting 
its use are frequent. These include 
gastrointestinal problems, flushing, 
atrial arrhythmias, abnormalities of 
liver function, hyperglycemia and 
hyperuricemia. We encountered an 
apparently unrecognized adverse ef- 
fect of niacin that may be of great 
clinical importance in patients with 
active ischemic heart disease— 
namely, worsening of unstable isch- 
emia, perhaps on the basis of coro- 
nary steal. 

Case 1: A 65-year-old man was 
hospitalized for unstable angina. 
Symptoms were controlled with a 
medical regimen of isosorbide di- 
nitrate and diltiazem. Cardiac 
catheterization disclosed normal 
left ventricular function and a total 
proximal right coronary artery oc- 
clusion with bridging collateral 
vessels and, distally, a total occlu- 
sion of a large posterior interven- 
tricular branch of the right coro- 
nary artery with well-developed 
collateral vessels from the left cir- 
cumflex artery. The left anterior 
descending artery contained an 





From the Charles A. Dana Research Institute 
and Harvard-Thorndike Laboratory of the 
Department of Medicine (Cardiovascular Di- 
vision), Beth Israel Hospital and Harvard 
Medical School, 300 Brookline Avenue, Bos- 
ton, Massachusetts 02215. Manuscript re- 
ceived October 9, 1990; revised manuscript 
received December 10, 1990, and accepted 
December 12. 


80% diameter narrowing and the 
left circumflex coronary artery 
had a 60% diameter narrowing. 
Because of an extremely unfa- 
vorable total cholesterol to high- 
density lipoprotein cholesterol ra- 
tio (12.31), he was begun on niacin 
therapy before hospital discharge. 
While at bed rest on the day after 
catheterization, the patient re- 
ceived an initial oral dose of 200 
mg of crystalline niacin, in combi- 
nation with his usual 30 mg of dil- 
tiazem (which had never produced 
adverse effects or hypotension and 
which he had been receiving 3 
times daily). Within 45 minutes 
(before taking isosorbide dini- 
trate), he had flushing associated 
with a decrease in systolic blood 
pressure from 120 to 90 mm Hg. 
Shortly thereafter, he had severe 
substernal chest tightness, requir- 
ing sublingual nitroglycerin, and 
15 mg of intravenous morphine 
sulfate for pain control. He devel- 
oped new anterolateral ST-seg- 
ment depression and T-wave inver- 
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sions (Figure 1). These changes 
persisted for 72 hours, while cardi- 
ac enzymes remained normal 
(peak creatine kinase 88 1U/liter, 
upper limit of normal 200 1U/li- 
ter). After clinical stabilization, 
both isosorbide dinitrate and dilti- 
azem were resumed without ad- 
verse effects and without further 
ischemic symptoms. No further 
doses of niacin were given. 

Case 2: A 64-year-old man was 
hospitalized after the recent onset 
of exertional and rest angina. He 
was begun on 10 mg of propranolol 
and 20 mg of nifedipine, each given 
every 6 hours, and nitropaste, given 
every 4 hours. With this regimen he 
was pain-free and hemodynami- 
cally stable, without hypotension 
after doses of these medications. 
One day later, for treatment of a 
“high-risk” total cholesterol to 
high-density lipoprotein cholester- 
ol ratio (6.9:1), crystalline niacin 
was begun at an initial dose of 100 
mg, in combination with the previ- 
ously well-tolerated nifedipine and 
propranolol doses. Thirty to 45 
minutes after the first dose of nia- 
cin, while lying in bed, the patient 
complained of being hot and was 
found to be intensely diaphoretic 





FIGURE 1. A, baseline electrocardiogram from case 1. There are old inferior Q 


waves and diffuse ST-T wave abnormalities. B, 


obtained at time 


electrocardiogram 
of acute ischemic episode (3 days after A) showing new ST-T changes (compared 
with baseline tracing); most marked are the new or deeper T-wave abnormalities in 


leads V; to Ve- 
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and flushed. His systolic blood 
pressure decreased to 60 mm Hg. 
He was placed in the Trendelen- 
burg position and given intrave- 
nous fluids. Five minutes later he 
complained of severe substernal 
pressure. His systolic blood pres- 
sure had increased to 90 mm Hg. 
Severe chest discomfort persisted 
for 3 hours, requiring intravenous 
nitroglycerin for relief. The elec- 
trocardiogram revealed new ST- 
segment elevation inferiorly (Fig- 
ure 2A). New Q waves developed in 
these leads (Figure 2B), and total 
creatine kinase rose from 50 to 475 
1U/liter (creatine kinase MB frac- 
tion from 0 to 4%). He was thought 
to have sustained a small acute in- 
Jerior myocardial infarction. No 
further symptoms occurred when 
his antiischemic regimen was re- 
sumed (niacin was discontinued). 
He was discharged 8 days after 
this acute event. 

Coronary angiography ona lat- 
er admission revealed 3-vessel cor- 
onary artery disease (95% diame- 
ter narrowing of the mid-right, 
95% diameter narrowing of the 
mid-left circumflex and 60 to 70% 
diameter narrowing of the left an- 
terior descending coronary arter- 
ies) with collateral vessels to the 
distal right coronary artery. 

Prescribed to stable outpatients, 
niacin is extremely safe.23 However, 
in patients with unstable ischemic 
syndromes, niacin, particularly when 
given with other vasoactive drugs, 
can possibly produce a complication, 
the exacerbation of myocardial isch- 
emia, that has not been previously 
described. The temporal relation be- 
tween the administration of niacin 
and the problems noted in the afore- 
mentioned patients makes it highly 
likely that niacin played an impor- 
tant role in precipitating their further 
ischemia. 

Niacin has well-known vasodilat- 
ing properties,° although the particu- 
lar vascular bed or type of resistance 
vessel affected has not been well 














FIGURE 2. A, electrocardiogram obtained from case 2 shortly after the onset of se- 
vere chest pain. The slight ST-segment elevations in leads II, IIl and aVF are new 
compared with baseline tracing (not shown) (lead V4 is missing for technical rea- 
sons). B, electrocardiogram obtained 4 days later. New or deeper Q waves are now 
seen in leads Il, Ill and aVF; they are accompanied by new T-wave inversions. 


studied. Other vasoactive drugs, in- 
cluding nitrates, are well known to 
have the potential of exacerbating 
myocardial ischemia by lowering 
perfusion pressure. Both patients re- 
ported here had a decrease in blood 
pressure that can be expected to have 
lowered coronary perfusion pressure. 
This decrease in coronary perfusion 
pressure represents the simplest ex- 
planation for the development of 
ischemia. In both patients, the resto- 
ration of blood pressure did not abol- 
ish the ischemic event. If selective 
dilatation of resistance vessels oc- 
curs, coronary steal may occur, par- 
ticularly if the resistance vessels sup- 
ply nonischemic myocardium, while 
ischemic myocardium is dependent 
on collateral circulation.°’ Drugs 
that have a weaker effect on resis- 
tance vessels, or that selectively di- 
late large or collateral vessels, are far 
less likely to produce coronary steal.® 
Selective coronary vasodilation is, at 
least in part, responsible for the in- 
creasingly wide use of dipyridamole, 
as it is used in the dipyridamole-thal- 
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lium stress test. Dipyridamole is used 
because its effect on resistance ves- 
sels induces a redistribution of coro- 
nary flow, capable of producing isch- 
emia by coronary steal.’ Niacin and 
dipyridamole share apparently simi- 
lar vasodilating properties. The ob- 
servation that niacin causes flushing 
and hypotension in some patients 
suggests that it acts preferentially on 
relatively small resistance vessels.‘ 
Thus, although not well studied, it 
appears possible that niacin can act 
like certain other vasodilators known 
to create a coronary steal. This 
would only appear clinically impor- 
tant in patients such as those report- 
ed here, with unstable coronary ar- 
tery disease and collateral-dependent 
regions of myocardium.® Thus, nia- 
cin appears to be capable of promot- 
ing ischemia in such patients, either 
by lowering perfusion pressure, or by 
creating coronary steal, or by a com- 
bination of both actions. 
Pretreatment with aspirin limits 
flushing in many patients receiving 
niacin; however, both patients de- 





scribed in this study had been treated 

with aspirin, suggesting that such 
therapy may not prevent the compli- 
cation described. Use of a long-act- 
ing niacin preparation does prevent 
some of the adverse effects of niacin? 
and may have prevented the compli- 
cations described here. 

In view of the possibility that nia- 
cin may exacerbate myocardial isch- 
emia, we suggest limiting its imme- 
diate use in patients with unstable 
angina or recent (1 to 2 weeks) myo- 
cardial infarction. Although niacin is 
extremely important as an agent for 
the management of lipid abnormali- 
ties, it need not be prescribed urgent- 


ly and its use can be deferred in pa- 
tients with clinically active coronary 
artery disease until after they are dis- 
charged from the hospital. Based on 
the experience reported, we often 
temporarily discontinue niacin in 
patients who develop acute unstable 
ischemia, because even if the risk it 
confers is only slight, niacin’s short- 
term benefit is minimal. 
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Mechanical Failure of a St. Jude Medical 


Prosthesis 


David A. Orsinelli, MD, Richard C. Becker, MD, Henri F. Cuénoud, MD, 


and John M. Moran, MD 


he St. Jude Medical (SJM) 

prosthetic cardiac valve is a 

low-profile, bileaflet me- 
chanical valve with an excellent rec- 
ord of durability and a low overall 
complication rate.!-3? Mechanical 
failure is a rare occurrence with this 
valve.4 We report a case of mechani- 
cal failure of a SJM prosthesis due to 
leaflet fracture with subsequent em- 
bolization. 

A 26-year-old man was found 
by cardiac catheterization at age 
12 years to have moderate mitral 
stenosis. He underwent open com- 
missurotomy at age 13 because of 
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increasing dyspnea. At age 21, 
atrial fibrillation and congestive 
heart failure occurred. Cardiac 
catheterization revealed severe mi- 
tral stenosis (mitral valve area = 
0.57 cm?) and a left ventricular 
ejection fraction of 25%. In Febru- 
ary 1984, he underwent mitral 
valve replacement with a 29-mm 
SJM prosthesis and tricuspid 
valve anuloplasty. Review of the 
operative report revealed no evi- 
dence of difficulty in seating the 
prosthesis, but the posterior leaflet 
did not open fully. No difficulty 
with valve closure was encoun- 
tered, and it was believed that nor- 
mal valve function would occur 
once the heart was full and beat- 
ing. The patient did well postop- 
eratively. 

The patient was first seen at our 
institution in October 1988; he had 
no complaints and physical exami- 
nation was unremarkable. He pre- 
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sented several months later with 
the sudden onset of dyspnea, which 
began shortly after he'd been play- 
ing soccer. Initial evaluation re- 
vealed a heart rate of 100 beats/ 
min and a systemic blood pressure 
of 100/64 mm Hg. Prosthetic mi- 
tral valve closure sounds were nor- 
mal and a grade 2 to 3/6 holosys- 
tolic murmur at the cardiac apex 
that radiated to the axilla was au- 
dible. In addition, there was a 
grade 2/6 holosystolic murmur at 
the right lower sternal border that 
radiated to the back and a grade 1/ 
6 diastolic murmur located along 
the left sternal border. Rales were 
heard over both lung fields. Chest 
x-ray was consistent with conges- 
tive heart failure. Electrocardio- 
gram revealed sinus tachycardia 
(rate, 100 beats/min), right axis 
deviation, and a nonspecific intra- 
ventricular conduction delay. A 
transthoracic echocardiogram 
demonstrated hyperdynamic left 
ventricular function, mitral regur- 
gitation of indeterminate severity, 
and moderate aortic and tricuspid 
regurgitation. The prosthesis ap- 
peared to be well seated. The pro- 


thrombin time was 16 seconds and 
oxygen partial pressure was 54 
mm Hg with 40% oxygen. The pa- 
tient was initially treated with in- 
travenous diuretics, with a resul- 
tant decrease in systemic blood 
pressure. The blood pressure grad- 
ually increased with intravenous 
fluid administration; intravenous 
antibiotics and sodium nitroprus- 
side were subsequently begun. He 
was taken to the cardiac catheter- 
ization laboratory: mean right 
atrial pressure was | mm Hg, pul- 
monary artery pressure 55/25 mm 
Hg and pulmonary capillary 
wedge pressure 27 mm Hg, with 
“V” waves to 50 mm Hg. Cardiac 
output was 3.95 liters/min (cardiac 
index, 2.4 liters/min/m?). Left ven- 
triculography revealed severe mi- 
tral regurgitation and an ejection 


fraction of 73%. Fluoroscopy of 


the mitral valve revealed normal 
motion of 1 leaflet. The second 
leaflet moved intermittently and 
appeared to remain partially open 
during systole, raising the possibil- 
ity of a valvular thrombosis. 

The patient deteriorated over 
the next 2 hours and required en- 
dotracheal intubation. An intra- 
aortic balloon pump was also 
placed and the patient was taken 
emergently to the operating room. 
At surgery, the anterior prosthetic 
leaflet was fractured several milli- 
meters from the hinge points, and 
>% of the leaflet was missing 
(Figure 1). The valve was ex- 
planted and replaced with a 31- 
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FIGURE 1. Photograph of the explanted valve in the closed position with the embo- 


lized leaflet fragment recovered at autopsy. 


mm SJM prosthesis without diffi- 
culty. The missing fragment of the 
valve leaflet was not located. 

In the early postoperative peri- 
od, the patient was hemodynami- 
cally stable. He developed severe 
lower extremity edema secondary 
to bilateral compartment syn- 
dromes and was taken to the oper- 
ating room for bilateral fascioto- 
mies and removal of the intraaor- 
tic balloon pump. Clinical 
deterioration ensued and a trans- 
thoracic intraaortic balloon pump 
was placed, with improvement in 
the patient’s hemodynamic status. 
Although he improved clinically in 
the early postoperative period, he 
soon developed evidence of bilat- 
eral lower extremity muscle necro- 
sis. After nonviable muscle was 
found in all compartments, above- 


TABLE I Previously Reported Cases of St. Jude's Medical Prosthesis Failure 





Author Age (yr) /Sex 
Odell et al* 17/M 

12/M 

27/M 

7 /— 
Burckhardt et al? 12/M 
Arom et al? (report from SJM) —/— 


Position / Valve Size 

Mitral/27 mm 20 months 
Mitral /25 mm 11 months 
Mitral/31 mm 23 months 
Aortic /— 25 days 
Mitral /— 10 months 


Interval from Implantation to Failure 


the-knee bilateral amputations 
were performed. The patient re- 
mained stable for approximately 
12 hours and then had an acute 
neurologic event, consisting of 
right hemiplegia followed by pro- 
gressive obtundation. A computer- 
ized tomographic scan revealed 
marked cerebral edema and brain- 
stem herniation. After consulta- 
tion with the patient's family, 
Support was withdrawn and the 
patient died. At postmortem ex- 
amination, the portion of the origi- 
nal mitral valve leaflet that had 
embolized was located in the left 
common iliac artery 2.5 cm distal 
to the aortic bifurcation. 

The present case is the first re- 
ported incident of leaflet fracture 
with the SJM prosthesis. While me- 
chanical failure has been reported, 





Clinical Outcome 





Successful reoperation 


Death at reoperation 
Successful reoperation 


— =no information available. 
SJM = SJM Inc. 
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not infrequently, with certain models 
of the Bjérk-Shiley tilting disc pros- 
thesis,> mechanical failure of the 
SJM valve is rare. Several large se- 
ries detailing long-term experiences 
with this valve have been reported.'~3 
Arom et al? reported no valve fail- 


- ures in their series but did comment 


on an unpublished report of leaflet 
embolization from SJM, Inc. A sim- 
ilar case of leaflet dislocation involv- 
ing a mitral valve prosthesis was not- 
ed by Burckhardt et al? in 1 patient 
from a series of 828 valves implanted 
in 743 patients who were followed 
for a mean of 2.6 years. 

Odell et al* reported the only col- 
lective series to date of mechanical 


failure with the SJM prosthesis. 


They described a 17-year-old boy in 
whom an intact leaflet of an SJM 
prosthesis dislodged, causing acute 
mitral insufficiency. Valve failure 
was attributed to cracks in the pivot 


guards rather than leaflet fracture. 
They noted that there had been only 
3 other cases of mechanical failure of 
the SJM prosthesis reported, all due 
to embolization of intact leaflets. 
Two of the known cases also involved 
valves in the mitral position. 

Thus, 6 cases of mechanical fail- 
ure of SJM prosthetic valves have 
been reported, all due to emboliza- 
tion of intact leaflets. These previ- 
ously reported cases are summarized 
in Table I. A careful review of the 
literature revealed only 3 cases of 
leaflet fracture in prosthetic valves, 1 
in a Lillehei-Kaster mitral valve,° 
and 2 in Edwards-Duromedics bi- 
leaflet valves placed in the mitral po- 
sition.’ Our case represents a unique 
cause of mechanical failure in the 
SJM prosthesis: failure due to frac- 
ture of a valve leaflet with subse- 
quent embolization of the leaflet 
fragment. 
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Transtracheal Placement and Imaging with a 
Transesophageal Echocardiographic Probe 


Leonard F. Fagan, Jr., MD, Ronald Weiss, MD, Ramon Castello, MD, 


and Arthur J. Labovitz, MD 


ransesophageal echocardiog- 

raphy (TEE) has emerged as 

a safe and reliable imaging 
technique for both ambulatory and 
critically ill patients. The procedure 
has minimal associated risks and few 
reported complications, including 
transient arrhythmias and conduc- 
tion disturbances, bronchospasm, 
unilateral vocal cord paralysis relat- 
ed to extreme neck flexion during 
neurosurgery, hypoxemia in congen- 
ital heart disease with right-to-left 
shunts, and esophageal injury in pa- 
tients with underlying esophageal 
pathology.'“4 We report a previously 
undescribed complication of suspect- 
ed inadvertent endotracheal intuba- 
tion resulting in transient cyanosis in 
a patient undergoing TEE. 

A 74-year-old man with a his- 
tory of chronic atrial fibrillation 
was admitted to the neurology ser- 
vice with a dense right middle cere- 
bral artery infarction, manifested 
by the acute onset of left hemiple- 
gia, right gaze preference, ptosis, 
dysarthria and difficulty in swal- 
lowing. Physical examination was 
significant for the absence of soft 
palate elevation or a gag reflex, 
consistent with a pseudobulbar 
palsy. Two-dimensional transtho- 
racic echocardiography was sub- 
optimal and TEE was requested 
for evaluation of a possible cardiac 
source of embolus. The patient was 
lethargic and unable to cooperate 
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during the TEE examination. No 
sedation was given. The patient's 
hypopharynx was anesthetized 
with topical lidocaine. With the 
patient in the left lateral decubitus 
position, the TEE probe was intro- 
duced with finger guidance to a 
distance of approximately 30 cm 
from the incisors without diffi- 
culty. An attempt to advance the 
probe was met by resistance for 3 


minutes. Initial images were of 


poor quality despite probe ma- 
nipulation. Despite unlabored 
spontaneous respiration, the pa- 
tient was noted to become cyanotic 
and the probe was withdrawn. Cy- 
anosis rapidly cleared and the pro- 
cedure was aborted. To exclude 
underlying esophageal pathology, 
the patient was referred for esoph- 


agogastroscopy, which was nor- 
mal. Later, a feeding tube was 
placed without difficulty. Al- 
though severe esophageal spasm 
cannot be entirely excluded, the 
patient's reversible cyanosis and 
subsequent normal esophageal 
evaluation make this unlikely. 
This suggests that the TEE probe 
was inadvertently advanced into 
the trachea, facilitated by the pa- 
tient’s pseudobulbar palsy, and 
that resistance was encountered at 
or near the carina. The patient's 
subsequent hospital course was 
complicated by an aspiration 
pneumonia and eventually he was 
transferred to a rehabilitation fa- 
cility. 

To our knowledge, this is the first 
described case of inadvertent trans- 
tracheal intubation and imaging 
with a TEE probe. Our experience 
with >500 patients is comparable to 
that reported by other laboratories,> 
with unsuccessful TEE probe place- 
ment limited to <1% of cases, and 





FIGURE 1. Transesophageal echocardiogram of a dog, 5-chamber view. AO = aor- 
ta; LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle. 
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FIGURE 2. Transtracheal echocardiogram of a dog, 5-chamber view. Abbreviations 


as in Figure 1. 


complications limited to transient ar- 
rhythmias and bronchospasm. 

Because the TEE probe is a mod- 
ified gastroscope without fiberoptic 
capability and because direct laryn- 
goscopy was not performed, we can 
only presume inadvertent endotra- 
cheal intubation in this case. In fact, 
the presence of a possible air inter- 
face and cartilage within the trachea 
would appear to make transtracheal 
ultrasound imaging very difficult. To 
evaluate the possibility of transtra- 
cheal ultrasound imaging further, a 
dog model was used. 

A 25-pound mongrel dog was se- 
dated with an intravenous barbitu- 
rate and an endotracheal tube was 
placed for delivery of inhalational 
anesthesia and oxygen by mechani- 
cal ventilation. Using a Hewlett- 


Packard 27020 (Hewlett-Packard 
Medical Products Group, Andover, 
Massachusetts) ultrasound machine 
with a 5.0-MHz phased array trans- 
ducer mounted on the tip of a modi- 
fied gastroscope, we obtained base- 
line TEE images after probe intro- 
duction into the esophagus by finger 
guidance, with the dog in the left 
lateral decubitus position (Figure 1 ). 
The endotracheal tube was then re- 
moved and the probe was placed in 
the dog’s trachea with the aid of a 
laryngoscope. The probe was ad- 
vanced until resistance was encoun- 
tered at approximately 27 cm from 
the gum line, presumably at the cari- 
na, and images were briefly obtained 
in the apneic dog (Figure 2). The 
transtracheal image quality was vir- 
tually indistinguishable from that 
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obtained by the transesophageal ap- 
proach. 

Our experience should caution 
others performing TEE. Particularly 
when this procedure is performed in 
patients who have had neurologic 
events and may be lethargic or with- 
out an appropriate gag reflex, ade- 
quate airway protection and the pos- 
sibility of inadvertent endotracheal 
intubation must be considered. Also, 
continuous pulse oximetry monitor- 
ing is highly recommended. The tri- 
ad of resistance to probe advance- 
ment at approximately 30 cm from 
the incisors, unusual image orienta- 
tion or quality, and patient decom- 
pensation (cyanosis or oxygen desat- 
uration) should suggest endotracheal 
TEE probe placement. The use of 
direct laryngoscopy for probe place- 
ment in compromised patients might 
also be helpful in avoiding this rare 
potential problem. 
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READERS’ COMMENTS 


Clarification 


The article entitled “Termination 
of sustained ventricular tachycar- 
dia by external noninvasive pac- 
ing,” published in The American 
Journal of Cardiology in 1988 
(61:574-577), of which I was the 
principal author, states that pa- 
tients involved in that study gave 
informed written consent before 
electrophysiologic testing. That 
statement was incorrect, in that pri- 
or written consent was not obtained 
for all patients. All patients had, 
however, given prior oral consent, 
and I have now obtained written 
consents for all 8 participants who 
are living; the remaining 6 have un- 
fortunately died. I did not obtain 
prior written consent because I in- 
correctly assumed the external pac- 
ing to be an extension of their clini- 
cal care. The original data has been 
reviewed by Dr. David Leaman, the 
Medical Center’s Chief of Cardiol- 
ogy, and he finds no discrepancy 
with the published article aside 
from the matter mentioned above. 

I regret any inconvenience I have 
caused my colleagues or the Jour- 
nal. 

Jerry C. Luck, mo 
Hershey, Pennsylvania 
17 October 1990 


Diastolic Dysfunction in 
Prinzmetal’s Angina 


The elegant Doppler echocardio- 
graphic study of Doria et al! con- 
firms once again that left ventricu- 
lar diastolic dysfunction can be not 
only a pure consequence of myocar- 
dial ischemia but can also precede 
left ventricular systolic abnormali- 
ties. Their study differed from pre- 
vious studies in that previous pa- 
tient populations included subjects 


_ J ae ee 
Letters (from the United States) con- 
cerning a particular article in the Journal 
must be received within 2 months of the 
article’s publication, and should be limit- 
ed (with rare exceptions) to 2 double- 
spaced typewritten pages. Two copies 
must be submitted. 


with multivessel coronary artery 
disease and previous myocardial in- 
farction who probably had some 
left ventricular dysfunction at rest. 
In this study, all patients had nor- 
mal left ventricular function in the 
control condition and had insignifi- 
cant coronary lesions or 1-vessel 
disease on coronary arteriography. 
Thus, the concept of diastolic dys- 
function as a mechanism underly- 
ing impaired cardiac function is 
similar to the description of “back- 
ward failure” as originally pro- 
posed by Hope in 1832.? Similarly, 
“forward failure,” expounded in 
1913 by MacKenzie,’ can be equat- 
ed to systolic dysfunction. Al- 
though backward failure and for- 
ward failure hypotheses, 2 seeming- 
ly opposite views that led to lively 
controversy during the first half of 
this century, were both later recon- 
ciled to be present in most patients 
with congestive heart failure, now, 
toward the end of this century, the 
pendulum once again swings in the 
direction whereby diastolic dys- 
function can occur without systolic 
dysfunction. It is clinically impor- 
tant to distinguish diastolic dys- 
function in coronary artery disease 
from systolic dysfunction, as the 
treatment is quite different. 
Tsung O. Cheng, mo 
Washington, D.C. 
14 November 1990 
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Role of Arterial Filters in the 
Prevention of Systemic 
Embolization by Microbubbles 
Released by Oxygenators 


In a previous paper! we reported 
our observations on the production 
of microbubbles by 2 different 
types of oxygenators during cardio- 
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pulmonary bypass (CPB). In that 
study, transesophageal echocardi- 
ography was used to detect micro- 
bubbles reaching the descending 
aorta in 20 patients undergoing var- 
ious types of open-heart surgery. A 
hollow-fiber oxygenator was used 
in 10 patients and a bubble oxygen- 
ator in the remaining 10. An arteri- 
al filter was never used. When bub- 
ble oxygenators were used, micro- 
bubbles were seen as oblong bright 
particles with continuous, fast and 
circular movement in the descend- 
ing aorta, throughout CPB. Con- 
versely, with hollow-fiber oxygen- 
ators, the release of microbubbles 
was confined to the early phase of 
CPB, after the infusion of the prim- 
ing solution. 

When commenting on our find- 
ings, we proposed the incorporation 
of an arterial filter in the CPB cir- 
cuit to “eliminate or significantly 
decrease the number of oxygenator- 
generated microbubbles reaching 
the arterial circulation.” We there- 
fore repeated the study in 2 more 
groups of 10 patients each, using 
exactly the same methodology and 
adding an arterial filter of proven 
efficacy (Pall Ultipor EC 3840) to 
the circuit.? As expected, we found 
a great reduction in the number and 
the size of the microbubbles, which, 
however, still appeared consistently 
and had an identical time-course as 
in the previous study. Specifically, 
they lasted throughout CPB when 
bubble oxygenators were used, and 
disappeared within 2 minutes when 
hollow-fiber oxygenators were 
used. 

These results are justified by the 
characteristics of the 40-um filters 
that we used, which allow very 
small bubbles through, and by the 
high resolution of the transesopha- 
geal probe, permitting their detec- 
tion. Our experience confirms data 
obtained with microbubble activity 
monitors? and with transcranial 
Doppler probes,* which also show a 
significant reduction in the number 
and size of microbubbles when arte- 
rial filters are used. 

Although not resolute, arterial 
filters of the type we used seem 
helpful in decreasing gaseous mi- 
croembolism in the systemic circu- 
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lation and may therefore minimize 
its deleterious effects on the central 
nervous system,?4 
Pietro A. Abbruzzese, mo 

Luigi Meloni, mo 
Gabriele Cardu, mo 
Valentino Martelli, mo 
Angelo Cherchi, mo 
Cagliari, Italy 

19 November 1990 
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We Are a Third of One 


I read with interest the From-the- 
Editor editorial in the October 1, 
1990, issue of the Journal. The edi- 
tor stated that animal flesh was 
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never intended for human beings, 
who are natural herbivores. How- 
ever, the editor’s smile in the ac- 
companying picture was revealing. 
I counted 4 upper incisor and 2 up- 
per canine teeth and assumed there 
were the same number of bottom 
teeth (not shown). Therefore, 12 of 
a total of 32 teeth (>'4) are used 
for piercing and cutting food, i.e., 
flesh. The remaining teeth, premo- 
lars and molars, are used for grind- 
ing plant products. 

The editor’s point is well taken, 
but humans are not natural herbi- 
vores. We are omnivores. A small 
amount of lean animal flesh daily is 
permitted on a cholesterol-lowering 
diet.! I agree we should consume 
proportionally more vegetables, 
fruits and grains, but there is no 
evidence that animal flesh in mod- 


eration is genadiy, 
ark R. Goldstein, mo 
Upland, Pennsylvania 
6 November 1990 
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REPLY: I enjoyed your Readers’ 
Comments. Just because a group of 
experts in an organization recom- 
mend that “a small amount of lean 
animal flesh daily . . .” is permissi- 
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ble for humans does not mean that 
animal flesh is good for humans. 
For humans to eat animal flesh is 
certainly “deadly” to the animals 
we eat. Yes, most humans can and 
do eat animal flesh, and yes, some 
of our teeth are sharp, but these 
facts do not mean that we should 
eat meat (and kill animals to do so) 
and they do not mean that we are 
natural carnivores. Both human be- 
ings and the 100,000 cows, and the 
250,000 pigs, and the 9 to 12 mil- 
lion chickens we kill every day in 
the USA would be better off if hu- 
man beings did not think we were 
carnivores. 
William C. Roberts, mo 
Bethesda, Maryland 
8 November 1990 


Correction 


In the study, “Usefulness of Blood 
Lactate as a Predictor of Shock De- 
velopment in Acute Myocardial In- 
farction” by Mavrié et al in the 
March 15, 1991 issue, part of the 
address for reprints and the last line 
of Figure 1 were mistakenly omit- 
ted. Here is the full address for re- 
prints, and Figure 1 appears below: 


Address for reprints: Zarko Mav- 
rić, MD, Department of Internal 
Medicine, Division of Cardiology 
(Coronary Care Unit), Clinical 
Hospital Center Rijeka, 51000 Ri- 
jeka, Croatia, Yugoslavia. 


FIGURE 1. Blood lactate values ob- 


during hospi- 
talization. * p <0.05; ** p <0.001. 


Lopid® (Gemfibrozil Capsules and Tablets) 


Before prescribing, please see full prescribing information. 

A Brief Summary follows. 

CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a Statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 112 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 12 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts —Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatistac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
Creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. ‘ d 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. ; : 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome > 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. : 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration, Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function —Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT),.LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 38% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. s 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng! J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, Sth ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 
Caution — Federal law prohibits dispensing without prescription. 
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oan DALA 
elevated LDL and triglycerides: 


A common denominator of many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and LOPID is indicated for reducing the risk of coronary 
triglycerides—are common among heart attack victims, heart disease in type Ilb patients with low HDL, in 
and nearly two thirds of people who developed addition to elevated LDL and triglycerides, and who 
myocardial infarction in the PROCAM Trial had a low have had an inadequate response to weight loss, 
(<35 mg/dL) baseline level of HDL cholesterol: diet, exercise, and other pharmacologic agents 
LOPID® (gemfibrozil) is not indicated for the treatment such as bile acid sequestrants and nicotinic acid. 

of patients with low HDL cholesterol as their only 


lipid abnormality. Contraindicated in patients with hepatic or severe 


Raised low HDL 25% renal dysfunction, including primary biliary 


, cirrhosis, preexisting gallbladder disease, or hyper- 
—in patients whose baseline HDL was < 35 mg/dl sensitivity to gemfibrozil. LOPID may increase 
and median baseline LDL was 186 mg/dL in the cholesterol secretion into the bile, leading to chole- 
landmark Helsinki Heart Study (HHS). lithiasis. Caution should be exercised when anti- 


Reduced heart attack coagulants are given in conjunction with LOPID 
incidence up to 62% * " Defined as a combination Sloan ke coronan dean apao definite 


nyocardial infarction. P 
—in these HHS patients.’ Incidence of serious coronary 
events was similar for LOPID and placebo subgroups 
with baseline HDL above the median (464 mg/dL). 
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